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ABSTRACT
The r e s e a r c h  work d e s c r i b e d  i n  t h i s  t h e s i s  r e p o r t s  t h e  
p r e p a r a t i o n ,  c h a r a c t e r i s a t i o n  and r e a c t i o n  k i n e t i c s  o f  some 
new co m p lex e s ,  m a in ly  o f  c o b a l t ( l l l )  and p l a t i n u m ( l l ) . The 
work f a l l s  i n t o  t h e  f o l l o w i n g  c a t e g o r i e s .
( i )  A s e r i e s  o f  l i n k a g e / g e o m e t r i c  i s o m e r s  t r a n s -  [ C o -
( e n ) 2 ( - 0 2C-(CH2 )n -NH3+ ) C l ]  2+ and c i s -  [ C o ( e n ) 2 (NH2 -(CH2 ) -  
2+CC^^OC! ] , ( e n = 1 , 2 - d i a m i n o e t h a n e ; n=1- 3 , 5 ) c o n t a i n i n g
0 -  and H-bonded amino a c i d s  r e s p e c t i v e l y  have  b e en  p r e p a r e d
by t h e  r e a c t i o n  b e tw een  t r a n s - [ Co (en )  2^ 3-2 ] an a  amin o  
a c i d s ,  t h e  p r o d u c t  o b t a i n e d  d e p e n d in g  on t h e  pH o f  t h e  
r e a c t i o n  medium. T hese  com plexes  h ave  b e e n  c h a r a c t e r i s e d  by 
a  c o m b in a t io n  o f  n e a r  u . v .  -  v i s i b l e ,  i . r .  and n . m . r ,  
s p e c t r o s c o p i c  t e c h n i q u e s .  The v a l u e s  o f  t h e  a c i d  i o n i s a t i o n  
c o n s t a n t s  o f  t h e  complexes  i n  aq u eo u s  s o l u t i o n  h a v e  a l s o  
b e en  u s e d  i n  e s t a b l i s h i n g  s t r u c t u r e s .
( i i )  A number o f  com plexes  o f  t h e  t y p e  t r a n s -  [ C o C e n ) ^ -
( " 0 2C-CH(R)-NH3+ )x ]  (C104 ) 2 , (X=Cl" , Br~ ; R=-H, -CH ,
- C ^ - C H ^ )  have  b e en  p r e p a r e d ,  and k i n e t i c s  o f  t h e i r  b a s e
and H g ( l l ) - p r o m o t e d  h y d r o l y s i s  r e a c t i o n s  ( l e a v i n g  g r o u p  X )
have  b een  i n v e s t i g a t e d .  A c t i v a t i o n  p a r a m e t e r s ,  E , AH ,a
. *1* a
A S and A G- have  b e e n  d e r i v e d  f o r  t h e s e  r e a c t i o n s  a t  
2 9 8 . 2°K.
( i i i )  A s e r i e s  o f  a c e t a t e  and s u b s t i t u t e d  a c e t a t e  
com plexes  t r a n s -  [ Co ( e n )^  ( R - d ^ - C O ^ J C l  ] CIO^ h a s  b e e n  
p r e p a r e d  and t h e  e f f e c t  o f  s u b s t i t u e n t s  R i n  t h e  n o n -  
p a r t i c i p a t i n g  a c e t a t e  l i g a n d  on r e a c t i v i t y ,  t o w a r d s  a c i d  and 
b a s e  h y d r o l y s i s  ( l o s s  o f  Cl  ) h a s  b e e n  s t u d i e d .  The c y a n o -  
a c e t a t e  complex i s  t h r e e  t i m e s  more r e a c t i v e  t h a n  t h e  
a c e t a t e  complex and some e i g h t e e n  t i m e s  more r e a c t i v e  t h a n  
t h e  g l y c i n e  complex i n  b a s e  h y d r o l y s i s  a t  25°C .  E l e c t r o ­
n e g a t i v e  s u b s t i t u e n t s  R r e t a r d  r a t e s  o f  a c i d  h y d r o l y s i s .
The s t e r i c  c o u r s e  o f  e a c h  r e a c t i o n  h a s  a l s o  b e e n  i n v e s t i g a t e d
( i v )  The k i n e t i c s  o f  t h e  H g ( I I ) - p r o m o t e d  and s p o n t a n e o u s  
a q u a t i o n  o f  a  number o f  N-bonded amino a c i d  c o m p lex es
c i s -  [ C o ( e n ) 2 (NH2” (CH2 ) n -C02H )C l]  h ave  b e e n  s t u d i e d  
and a c t i v a t i o n  p a r a m e t e r s  f o r  t h e s e  r e a c t i o n s  d e r i v e d  i n  
e ac h  c a s e .
(v )  The complex c i s -  C P tC ^ te e d m a )  ] , H e d m a = 1 ,2 - d ia m i -  
n o e t h a n e - N - m o n o a c e t i c a c i d  h a s  b e e n  p r e p a r e d  and  c h a r a c t e r i s e d  
I t s  r e a c t i o n s  i n  aqu eo u s  s o l u t i o n  o v e r  a  pH r a n g e  and tem ­
p e r a t u r e  r a n g e  have  b e en  i n v e s t i g a t e d .  T h ese  r e a c t i o n s  
p r o v i d e  an example  o f  a n c h i m e r i c  c a r b o x y l a t e  g r o u p  a s s i s t a n c e  
i n  i n o r g a n i c  c h e m i s t r y .
( v i )  The h y d r o l y s i s  o f  2 - c y a n o - 1 , 1 0 - p h e n a n t h r o l i n e  t o  
t h e  c o r r e s p o n d i n g  amide h a s  b e e n  i n v e s t i g a t e d  i n  s o l u t i o n s  
c o n t a i n i n g  C o ( I I )  and t h e  l a r g e  r a t e  en h ancem en t  o b s e r v e d  
h a s  b e e n  a t t r i b u t e d  t o  an  e n t r o p y  e f f e c t .  The e f f e c t  o f  
C u ( l l )  on t h e  h y d r o l y s i s  r e a c t i o n  a t  25°C h a s  a l s o  b e e n
s t u d i e d .
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CHAPTER I
L in k a g e / G e o m e t r i c  I so m e r i s m  i n  Amino A c id  Complexes 
-  P r e p a r a t i o n  and C h a r a c t e r i s a t i o n  o f  I s o m e r i c  P a i r s  
o f  C h lo ro (am in o  acid .)  b i s  (.1 ♦ 2-d iam in o  e t h a n e )  c o b a l t  ( I I I ) 
Complexes c o n t a i n i n g  t h e  t r a n s - C a r b o x y l a t o  and c i s -  
Amino-bonded Amino A c i d s ,  G l y c i n e ,  P - A l a n i n e ,
Y - A m i n o - n - b u ty r i c  Ac id  and g - A m in o - n -h e x a n o ic  A c i d .
1. Introduction.
I t  i s  now w e l l  e s t a b l i s h e d  t h a t  i n  com plexes  o f
c o b a l t ( l l l ) ,  t h e  a n i o n s  o f  s h o r t  c h a i n  amino a c i d s ,
NH2 -(CHR)n-CO~ are capab le  o f  b id e n ta te  c o o r d in a t io n  through
■ \
t h e i r  amino and c a r b o x y l a t e  g r o u p s .  L i u  and D o u g la s  h a v e  
p r e p a r e d  a  v a r i e t y  o f  c h e l a t e d  amino a c i d  c o m p le x e s ,  ( I ) ,  
( e n = 1 , 2- d i a m i n o e t h a n e ) ,  by h e a t i n g  aqueo u s  m i x t u r e s  co n ­
t a i n i n g  e q u im o l a r  amounts  o f  t r a n s -  C C o ( e n ^ C ^ l  C l ,  t h e  
amino a c i d  +NH5 -CHR-CO~ (r= -H , . -C H 5> -CH2-CH(CH5 ) 2 , 
-CHo-C^H,-) and NaOH. T hese  complexes  a r e  o p t i c a l l y  a c t i v e<L o p
due t o  a d d i t i v e  c o n t r i b u t i o n s  f rom  t h e  c o n f i g u r a t i o n s  o f  
t h e  com plexes  a n d ,  w i t h  t h e  e x c e p t i o n  o f  t h e  g l y c i n a t e  
complex from t h e  v i c i n a l  e f f e c t s  o f  t h e  o p t i c a l l y  a c t i v e  
l i g a n d s .  O t h e r  r e p o r t e d  c h e l a t e d  amino a c i d  com plexes  
i n c l u d e  C Co(g ly)^]  2 and t r a n s -  C C o ( o x ) ( g l y )2 ^
I n  1965, t h e  l i s t  o f  c o b a l t ( l l l )  amino a c i d  c om plexes  
was f u r t h e r  e x t e n d e d ,  when t h e  p r e p a r a t i o n  o f  s e v e r a l  
com plexes  c o n t a i n i n g  ino no d e n t  a t e  O-bonded amino a c i d s ,
[ Co(NH3 ) 5 ( " 0 2C-(CHR)n -NH + )]  3 + , and [ C o O t H ^ C O g C -  
(CHR)n -NH3 +) 2] 5 + , was r e p o r t e d .  T hese  were  p r e p a r e d  by  
a n a t i o n  r e a c t i o n s  o f  [ Co(NH^)^H20 ] and c i s -  [Co(NH^)^*
•z . A
(H20 ) 2 ] r e s p e c t i v e l y .  The a q u a t i o n  o f  t h e  pen tamm ine
5
com plexes  obeys a  two t e r m  r a t e  law  c o r r e s p o n d i n g  t o
R a te  = [Complex ] (k^  n + k.7+ [ H+ ] )
2 11 . . . . .  ( 1 )
u n c a t a l y s e d  and a c i d  c a t a l y s e d  a q u a t i o n s .  W h i le  q , 
s u r p r i s i n g l y ,  shows no d e f i n i t e  c o r r e l a t i o n  w i t h  t h e  b a s i ­
c i t y  o f  t h e  amino a c i d  l i g a n d ,  i n c r e a s e s  w i t h  i n c r e a s ­
i n g  l i g a n d  b a s i c i t y .
6Busch  e t  a l  have  p r e p a r e d  a  s e r i e s  o f  g l y c i n e  e s t e r  
com plexes  o f  c o b a l t ( l l l )  h a v i n g  t h e  f o r m u l a t i o n  c i s -  [ C o ( e n ) 2 
(NH2-CH2 -C02R)C1 ]C 12 , ( r =  ~CH5 , “ C2H5 , - i -C ^ H ry ) , i n  
which  t h e  e s t e r  f u n c t i o n s  a s  a  m o n o d e n t a t e ,  N -bo n ded  l i g a n d .  
On s t a n d i n g  i n  c o n c e n t r a t e d  HC1 s o l u t i o n  t h e  e s t e r  g r o u p
i n  t h e  complex h y d r o l y s e s  y i e l d i n g  c i s - [ C o ( e n ) 2 (NH2 -CH2 ~
2 + 7C02H)C1 ] a s  t h e  r e a c t i o n  p r o d u c t .  The a n a l o g o u s  com-
p l e x e s  ' c i s -  [ Co(en)„(NH„-(CH0 ) - C 0 „ H ) C 1 ] 2 + , ( n = 3 , 5 ) ,c. c  n  d
were  p r e p a r e d  by a s i m i l a r  method f rom  t h e  c o r r e s p o n d i n g  
e s t e r  co m p lex es .
A lth o u g h  amino a c i d s  a r e  p o t e n t i a l l y ,  c a p a b l e  o f  a c t i n g
a s  m o n o d en ta te  N o r  O-bonded l i g a n d s ,  and  a r e  t h e r e f o r e
c a p a b l e  o f  e x h i b i t i n g  l i n k a g e  i s o m e r i s m ,  l i t t l e  work i n
t h i s  a r e a  h a s  been  r e p o r t e d .  T h i s  i s  s u r p r i s i n g  s i n c e  t h e
d e s i g n  and s t u d y  o f  l i n k a g e  i s o m e r s  i s  an a r e a  w h ich  h a s
f a s c i n a t e d  i n o r g a n i c  c h e m i s t s  f o r  t h e  p a s t  two d e c a d e s .  I n
two r e c e n t  r e v i e w s  c o v e r i n g  t h i s  t o p i c  o v e r  one h u n d r e d
10 11l i n k a g e  i s o m e r s  a r e  m e n t io n e d .  9 T hese  i n v o l v e  s im p le
a m b i d e n t a t e  l i g a n d s  su ch  a s  NO^r CN~, SCN~, SeCN~ a s  w e l l
a s Jx l a r g e  m o n o d en ta te  l i g a n d s  and c h e l a t i n g  l i g a n d s .  W hi le
i n v e s t i g a t i n g  t h e  i n t e r a c t i o n  o f  amino a c i d s  and  t h e i r
12d e r i v a t i v e s  w i t h  r u t h e n i u m  a m in e s ,  Taube e t  a l  o b s e r v e d  
a  f a c i l e  i s o m e r i s a t i o n  r e a c t i o n  i n v o l v i n g  g l y c i n a t e .  When.
[ RuClTH^) i^H^ O 3 >■ was r e d u c e d  w i t h  z i n c  amalgam and  t h e
p r o d u c t  t r e a t e d  w i t h  an e x c e s s  o f  sodium g l y c i n a t e  t h e  
N-bonded i s o m e r  CRu(NH^)^(NH2-CH2~C02H ) ]^ + was o b t a i n e d  
a f t e r  a c i d i f i c a t i o n .  O x i d a t i o n  o f  t h i s  s p e c i e s  w i t h  a  
v a r i e t y  o f  o x i d i s i n g  agents  gave  a  p r o d u c t  w h ic h  was 
c h a r a c t e r i s e d  a s  t h e  O-bonded g l y c i n e  complex C Ru(NH^)^ 
( " 0 2C-CH2 -NH3 ) J? +
L in k a g e  i so m e r i sm  i n  c o b a l t ( I I I )  amino a c i d  c o m p lexes  
h a s  n o t  been  r e p o r t e d  i n  t h e  l i t e r a t u r e  to  d a t e .  I n  t h i s  
c h a p t e r  t h e  s y n t h e s i s  and c h a r a c t e r i s a t i o n  o f  a  s e r i e s  o f  
O-bonded complexes  t r a n s -  [ C o ( e n ) 2 (~0 2 C-(CH2 ) n -NH^)Cl ] 
( n = 1 ~ 3 ,5 ) ,  i s  d e s c r i b e d .  The s y n t h e s i s  o f  R -bonded  com p lex e s  
by d i r e c t  r e a c t i o n  be tw een  t r a n s -  [ C o C e n ^ C ^  ] C 1 ,  and t h e  
amino a c i d  i s  a l s o  d e s c r i b e d ,  a s  w e l l  as* t h e  p r o p e r t i e s  
o f  t h e s e  c o m p lex es .
2. Experimental.
( a )  P r e p a r a t i o n  o f  t r a n s - d i c h l o r o - b i s ( 1  , 2 - d i a m i n o e t h a n e ) * 
c o b a l t ( I I I ) c h l o r i d e .
T h i s  compound was p r e p a r e d  by t h e  method o f  K r i s h -  
13n a m u r t h y . ^
(b )  P r e p a r a t i o n  o f  t h e  com plexes  t r a n s -  [ C o ( e n )p(~OqC~ 
(CH2 ) n -NHt ) Cl ] (03.°  1 ) c ,  ( n = 1 - 5 ,5 )  .
T r a n s -  [C o C e n Jg C lg ]  Cl  2 . 8 5 g .  (O.OImol)  was mixed w i t h  
t h e  a p p r o p r i a t e  amino a c i d ,  ( " ^ ^ - ( C I ^ ^ - C O ^  » n= 1- 3 , 5 ) 
(O.OImol)  and made i n t o  a  p a s t e  w i t h  a  minimum amount o f  
w a t e r .  D i e th y l a m i n e  ( c a .  0 .0 0 3 m o l)  was added  d r o p w i s e  w i t h  
c o n t i n u o u s  g r i n d i n g  u n t i l  t h e  c o l o u r  o f  t h e  p a s t e  changed  
f rom g r e e n  t o  mauve.  The p a s t e  was t h e n  t r e a t e d  w i t h  HCiO^ 
(0.5M, 20cm ) ,  u n r e a c t e d  t r a n s -  [ C o(enJgC lg  J CiO^ removed 
by f i l t r a t i o n ,  and t h e  f i l t r a t e  c o o le d  i n  a n  i c e - b a t h ,  
w hereupon ,  mauve n e e d l e s  o f  t h e  com plexes  t r a n s -  [ C o C e n ^ -  
( 0 2 C-(CH2 ) n -N H ^ )C l ] (CIO^)^ c r y s t a l l i s e d  f ro m  s o l u t i o n .
The c r y s t a l l i n e  m a t e r i a l  was f i l t e r e d  o f f ,  washed  w i t h  
m e th an o l  u n t i l  t h e  f i l t r a t e  was c o l o u r l e s s ,  and  d r i e d  i n  
vacuo ( y i e l d s  >  80%).
( c )  P r e p a r a t i o n  o f  t h e  complexes  c i s -  [ C o (e n ) 2 (NHo-(CHo ) n ~ 
C02H )C 1]  01 2§ (n=1-3  » 5 ) .
An a q ueo u s  p a s t e  c o n t a i n i n g  t r a n s -  [ C o f e n J g C ^  3 01
2 . 8 5 g .  (O .O Im o l) ,  and t h e  amino a c i d  ( O .O Im o l ) ,  was t r e a t e d
r a p i d l y  w i t h  d i e t h y l a m i n e  (0 . 0 1 3mol.), w he reu p o n ,  a  c o l o u r
change  t o  p u r p l e  was o b s e r v e d .  The p u r p l e  p a s t e  was t r e a t e d
w i t h  c o n c e n t r a t e d  h y d ro ch lo r ic  a i c d  ( 5cm ) ,  and  t h e  r e s u l t i n g
s o l u t i o n  p a s s e d  t h r o u g h  a  Sephadex  G10 c o l u m n t ^ ’ 1'*
( e l u t e d  w i t h  d i l u t e  H C l ) . The p u r p l e  e f f l u e n t  band  (m id d le
band)  h a v i n g  k a t  525nm, was c o l l e c t e d  and  e v a p o r a t e dmax
to  d r y n e s s .  The f i r s t  e f f l u e n t  f r a c t i o n  ( o r a n g e - r e d , max
500nm), which  c o n t a i n s  a  m i x t u r e  o f  h y d r o l y s i s  p r o d u c t s  
c i s - a n d  t r a n s -  [ C o ( e n ) 2 (~02 C-(CH2 ) n -'NH^)H20 ] , and
[ C o ( e n ) 2 (NH2 -(CH2 ) n "-C02H)H20 ] ^ + , and t h e  l a s t  f r a c t i o n
/ \ -|( g r e e n ) ,  c o n t a i n i n g  u n r e a c t e d  t r a n s - [ C o ( e n J g C l g  1 > were
d i s c a r d e d .  The p u r p l e  r e s i d u e s  o b t a i n e d  on e v a p o r a t i o n  were  
r e c r y s t a l l i s e d  from  v e r y  s m a l l  vo lum es  o f  HCl (0 .1 M ) ,  
w h e reupon ,  p u r p l e  c r y s t a l s  o f  t h e  complex  c i s -  [ C o ( e n ) 2-  
(NH2~(CH2 ) n ~C02H)Cl ] Clg were o b t a i n e d  (40% y i e l d s ) .  
A t t e m p te d  r e c r y s t a l l i s a t i o n  o f  t h e  p - a l a n i n e  com plex  was 
u n s u c c e s s f u l ;  hov/ever t h e  r e s i d u e  a f t e r  e v a p o r a t i o n  t o  
d r y n e s s  was fo u n d  to  be  a n a l y t i c a l l y  p u r e .  The p u r i t y  
o f  e a c h  complex was checked  by  C,H,N m i c r o a n a l y s i s . A n a l y ­
t i c a l  d a t a  f o r  t h e  com plexes  i s  p r e s e n t e d  i n  T a b l e  1 .
T a b le  1.  A n a l y t i c a l  d a t a  f o r  t h e  complexes
( a )  t r a n s -  [ C o (e n )o(~OoC-(CH2 ) n ~NH*)Cl ](C10 ^)o♦xflpO 
and (b )  c i s -  C O o (en ) 2 (NH2--(CH2 ) -C02H)G1 ] C1o»3sHqO.
Found % C a l c ,  %
Complex n x
0 H N C H N
1 0 1 4 .6 4 . 4 14 .2 1 4 .8 4 . 3 1 4 .3
2 0 1 6 .7 4 . 6 1 3 .6 16 e 7 4 . 6 1 3 . 9
3 0 1 8 .4 5.1 1 3 .7 1 8 .6 4 . 9 1 3 . 6
5 0 2 2 .0 5 .2 1 2 .6 22.1 5 . 4 1 2 . 9
1 % 19 .6 5 . 7 1 8 .6 19 .5 6 . 0 1 8 .9
2 3 19 .6 6 . 6 16 .3 1 9 .6 6 . 8 1 6 .3
3 24 .3 6 .7 17 .7 2 4 .2 6 . 6 1 7 . 6
5 '% 28 .2 7 . 4 1 6 .6 2 8 .2 7 .1 1 6 . 4
3 .  I n s t r u m e n t a t i o n ,
( a )  S p e c t r o s c o p i c  M e th o d s ,
The i n f r a r e d  s p e c t r a  o f  t h e  com plexes  w ere  r e c o r d e d  a s
n u j o l  o r  h e x a c h l o r o b u t a d i e n e  m u l l s  b e tw ee n  sod ium  c h l o r i d e
— 1p l a t e s  i n  t h e  wavenumber r a n g e  625 -  4000cm , A P e r k i n  E lm e r
Model 577,  g r a t i n g  i n f r a r e d  s p e c t r o p h o t o m e t e r  was u s e d  f o r  
t h i s  p u r p o s e .  E l e c t r o n i c  s o l u t i o n  s p e c t r a  were r e c o r d e d  on 
Unicam SP 800B and SP 3000 s p e c t r o p h o t o m e t e r s .  The s o l u t i o n s
o f  t h e  com plexes  were c o n t a i n e d  i n  1cm s i l i c a  c e l l s .  P r o t o n  
n . m . r ,  s p e c t r a  o f  t h e  complexes  i n  I^O were  o b t a i n e d  by
means o f  a  B r u k e r  Y/H-90 F o u r i e r  T r a n s f o r m  n . m . r .  S p e c t r o ­
p h o t o m e t e r  o p e r a t i n g  a t  9014Hz. Chem ica l  s h i f t s  were  m easured  
r e l a t i v e  t o  DSS ( s o d i u m .2 , 2 - d i m e t h y l - 2 ~ s i l a p e n t a n e - 5 - s u l -  
p h o n a te )  a s  i n t e r n a l  s t a n d a r d  and e x p r e s s e d  i n  t e r m s  o f  
6 ( p . p . m . )  v a l u e s .
(b )  P o t e n t i o m e t r i c  M e th o d s .
P r o t o n  i o n i z a t i o n  c o n s t a n t s  o f  t h e  com p lex es  were d e t e r ­
mined p o t e n t i o m e t r i c a l l y  u s i n g  a  R a d io m e te r  p H -m e te r  26 .
The e l e c t r o d e  s y s te m ,  a  h i g h  a l k a l i n i t y  g l a s s  e l e c t r o d e ,
t y p e  G202B, and a  s a t u r a t e d  c a lo m e l  e l e c t r o d e  w i t h  a  d i f f u -
os i o n  f i l t e r ,  t y p e  K401, was s t a n d a r d i s e d  a t  25+0.1  C, w i t h
0.05M p o t a s s i u m  h y d ro g e n  p h t h a l a t e ,  (pH 4 . 0 0 8 ) ,  and 0.01M
16b o r a x ,  (pH 9 .1 8 5 )  b u f f e r s .  T i t r a t i o n s  were  p e r f o r m e d  i n
a  150cnr v e s s e l  f i t t e d  w i t h  a  c o v e r  w hich  was d e s i g n e d  t o
accommodate t h e  e l e c t r o d e  s y s te m ,  n i t r o g e n  i n l e t  and o u t l e t
t u b e s ,  a  t i t r a n t  i n l e t  t u b e ,  a  c a l i b r a t e d  t h e r m o m e t e r  and 
17a  s t i r r e r .  The b e a k e r  was lo w e re d  i n t o  a  w a t e r  b a t h  
t h e r m o s t a t t e d  a t  2 5 + 0 . 1°C, so t h a t  t h e  r e a c t i o n  s o l u t i o n
3
was f u l l y  im m ersed .  I n  e ach  c a s e  50cm o f  a  0.01M s o l u t i o n  
o f  t h e  complex was t i t r a t e d  w i t h  0.1M NaOH and pH r e a d i n g s
3
were  r e c o r d e d  a f t e r  each  0 .5cm  a d d i t i o n .  The s o l u t i o n s  
were m a i n t a i n e d  a t  a  c o n s t a n t  i o n i c  s t r e n g t h  o f  0.1M u s i n g  
NaClO^, o r  NaNO^, a s  t h e  s u p p o r t i n g  e l e c t r o l y t e .  The t i t r a n t  
was p r o t e c t e d  f rom  a t m o s p h e r i c  CO^ by a  so d a  l i m e  g u a rd  
tu b e  f i t t e d  t o  t h e  t o p  o f  t h e  b u r e t t e .  pK v a l u e s  were
c l
17c a l c u l a t e d  a s  d e s c r i b e d  by A l b e r t  and S a r j e a n t ,  The v a l u e s
q u o te d  i n  t h i s  t h e s i s  a r e  mixed v a l u e s  i n v o l v i n g  c o n c e n t r a t i o n s
o f  c o n j u g a t e  a c i d s ,  HA, and b a s e s  A , h u t  h y d ro g e n  i o n  a c t i -
v i t i e s  ( K = J C L i S l l '
\  a  [HA]
4 .  R e s u l t s  and D i s c u s s i o n .
( a )  C h a r a c t e r i s a t i o n  o f  O-bonded c o m p le x e s .
( i )  I n f r a r e d  S p e c t r a .
The s h a r p  a b s o r p t i o n  a t  1610 -  1640cm i n  t h e  i . r .  
s p e c t r u m  o f  e ac h  complex i s  i n d i c a t i v e  o f  m e t a l  c o o r d i n a t e d  
c a r b o x y l a t e .  S i m i l a r  f r e q u e n c i e s  have  b e e n  r e p o r t e d  f o r  o t h e r  
c a r b o x y l a t e  bonded amino a c i d  com plexes  o f  c o b a l t ( l l l )  e . g .
[(HH5 ) 5- C o - ( “0 2C-(CH2 ) n -NHj)] 5+ com plexes  show C=0
~1 a 20 21a sy m m etr ic  s t r e t c h i n g  ban d s  a t  a b o u t  1650cm . * B a ld w in
h a s  shown t h a t  t h e  most  c o n s i s t e n t  d i f f e r e n c e  i n  t h e  i . r .
s p e c t r a  o f  c i s - a n d  t r a n s - i s o m e r s  o f  b i s ( 1 , 2 - d i a m i n o e t h a n e )
c o b a l t ( I I I )  com plexes  o c c u r  i n  t h e  C H ^-rock in g  r e g i o n  b e tw e e n  
■ -1870 and 900cm. I n  t h i s  r e g i o n  t h e  c i s - i s o m e r  commonly 
d i s p l a y s  two b a n d s ,  and t h e  t r a n s - i s o m e r s  o n l y  o n e .  The s p l i t ­
t i n g  i s  due t o  t h e  l o w e r  symmetry o f  t h e  c i s - c o m p l e x e s .  A l l  
t h e  O-bonded com plexes  d e s c r i b e d  h e r e  show o n l y  one band  i n  
t h i s  r e g i o n  ( T a b le  2 ) ,  i n d i c a t i v e  o f  t r a n s - c o n f i g u r a t i o n s .
T a b le  2 .  P r i n c i p a l  i . r .  bands  (cm ) f o r  t r a n s -  [ C o (e n ) 
( ‘"0oC-(CHo ) n - lN[H^ + )C l3  2 +  c o m p l e x e s .
n
1 1637 884
2 1630 883
3 1615 888
5 1610 892
( i i )  E l e c t r o n i c  S o l u t i o n  S p e c t r a .
The n e a r  u . v .  -  v i s i b l e  s p e c t r a  o f  t h e  com plexes  h ave  
a  t h r e e  band  n a t u r e  which  i n d i c a t e s  t h a t  t h e y  a r e  o f  t h e  
t y p e  t r a n s - C o  ( e n ^ X Y  , where  X and Y a r e  r e l a t i v e l y  weak
~  -  . .  _  ? O
f i e l d  l i g a n d s  such  a s  E , Cl , Br  , ^ 0  and R-CO^* 9
The f r e e  c o b a l t ( l l l )  i o n ,  d^ , h a s  q u a l i t a t i v e l y  t h e  
same e n e r g y  l e v e l  d iag ra m  a s  d o e s  E e C l ! ) . 2^ * 2^ However ,  
w i t h  C o ( l I I )  t h e  A. s t a t e  o r i g i n a t i n g  i n  one  o f  t h e* O
h i g h - e n e r g y  s i n g l e t  s t a t e s  o f  t h e  f r e e  i o n  d r o p s  v e r y
5 Ar a p i d l y  and a c r o s s  t h e  T^g s t a t e  a t  a  v e r y  low  v a l u e  o f
( E i g u r e  1) . Thus a l l  known o c t a h e d r a l  C o ( I I I )  com plexes
i n c l u d i n g  even  [ Co(H20 ) g ]  and [ Co(NH^)^ ] ha ve
d i a m a g n e t i c  g round  s t a t e s ,  w i t h  t h e  e x c e p t i o n s  o f
'Z _
CCo(h2° ) ^ E ^ ]  and [ CoEg ] which  a r e  p a r a m a g n e t i c  w i t h  
f o u r  u n p a i r e d  e l e c t r o n s .  The v i s i b l e  a b s o r p t i o n  s p e c t r a  o f  
c o b a l t ( l l l )  complexes  may t h u s  be e x p e c t e d  to  c o n s i s t  o f
10 Dq-
F i g u r e  1. M o d i f ie d  O r g e l  d i a g ra m  t o  i l l u s t r a t e . t h e  
s t a b i l i s a t i o n  o f  l o w - s p i n  s t a t e s  w i t h  
i n c r e a s i n g  f i e l d  s t r e n g t h  f o r  C o ( l l l )  (d  ) .
1t r a n s i t i o n s  f rom t h e  g ro u n d  s t a t e  t o  o t h e r  s i n g l e t
o
s t a t e s .  A l th o u g h  t h e  e n t i r e  e n e r g y - l e v e l  p a t t e r n  f o r  C o ( l I I )
i s  n o t  known i n  d e t a i l ,  t h e  two a b s o r p t i o n  b a n d s  fo u n d  i n
t h e  v i s i b l e  s p e c t r a  o f  r e g u l a r  o c t a h e d r a l  c o b a l t ( l l l )  com-
1p l e x e s  r e p r e s e n t  t r a n s i t i o n s  t o  t h e  u p p e r  s t a t e s  and-
1Tgg . I n  com plexes  o f  t h e  t y p e  CoA^XY, which can  e x i s t  m
b o th  c i s - a n d  t r a n s - c o n f i g u r a t i o n s ,  t h e r e  a r e  c e r t a i n  f e a t u r e s
which  a r e  d i a g n o s t i c  o f  each  c o n f i g u r a t i o n ,  a s  shown i n
1F i g u r e  2 .  T heo ry  shows t h a t  s p l i t t i n g  o f  t h e  T^g s t a t e  by  
t h e  e n v i ro n m e n t  o f  lo w e r  t h a n  0 ^ symmetry ( e . g .  a s  i n
t r a n s -C o (N H „ ) ,XY c o m p le x e s ) ,  w i l l  a lw ay s  be s l i g h t ,  w h e r e a s
3 4
1t h e  T ^  s t a t e  w i l l  be s p l i t  m a rk e d ly  i n  t h e  t r a n s - i s o m e r ,  
b u t  w eak ly  i n  t h e  c i s - i s o m e r .  M o reo ver ,  b e c a u s e  t h e  c i s -  
i s o m e r  i s  o f  lo w e r  symmetry  i t  may be e x p e c t e d  t o  h a v e  
a somewhat more i n t e n s e  s p e c t r u m  t h a n  t h e  t r a n s - i s o m e r .
8 0
,os
6 0  -
a s
4 0
trans20
28 ,0 0 020,000 24,000
Frequency (cm*1)
16,000 trans as-
F i g u r e  2 .  L e f t :  The v i s i b l e  s p e c t r a  o f  c i s -  and
+t r a n s - [  CoCenJ^F^] .  The b r o k e n  l i n e  shows 
where t h e  l o w - f r e q u e n c y  s i d e  o f  t h e  —»
D
T„ band o f  t h e  c i s -  i s o m e r  would be  i f  
i g
t h e  band were  c o m p l e t e l y  s y m m e t r i c a l .  The
asymmetry i s  c a u s e d  by s i n g l e t  s p l i t t i n g  o f  
1t h e  T. s t a t e .
R i g h t :  D ia g ram m at ic  r e p r e s e n t a t i o n  ( n o t  t o  
s c a l e )  o f  t h e  e n e r g y  l e v e l s  i n v o l v e d  i n  t h e  
t r a n s i t i o n s  r e s p o n s i b l e  f o r  t h e  o b s e r v e d  
bands  o f  o c t a h e d r a l  C o ( l l l )  c o m p le x e s .  I n  
t h e  c e n t r e ,  ( b ) , a r e  t h e  l e v e l s  f o r  a  r e g u l a r  
o c t a h e d r a l  com plex ,  [ CoXg ] . I n  ( a )  and ( c )  
t h e  s p l i t t i n g s  c a u se d  by t h e  r e p l a c e m e n t  o f  
two l i g a n d s  X by two l i g a n d s  Y a r e  i n d i c a t e d .
T hese  p r e d i c t i o n s  a r e  a l s o  n i c e l y  b o rn e  o u t  by t h e  s p e c t r a
P i
o f  c i s - a n d  t r a n s -  [ C o C e n ^ C ^ ]  • The e l e c t r o n i c  s p e c t r u m
o f  t h e  c i s - i s o m e r  shows a b s o r p t i o n s  w i t h  ^ max a t  530nm
( e =7 5 . 8dm^mol~^ cm”  ^) , and 390nm ( e  =7 7 . 6dm^mol ^cm
w h i l e  t h e  t r a n s - i s o m e r  h a s  a b s o r p t i o n  b a n d s  w i t h  . \  ■ a tmax
617nm ( a = 36dm^mol“ ^ c n f ^ ) ,  455nm ( £ =27dm^mol~^cm~1 ) ,  and 
387nm ( £ =36dm^mol ^cm” ^ ) . 2^
The p o s i t i o n  o f  X  max and t h e  c o r r e s p o n d i n g  m o la r  
a b s o r p t i o n  c o e f f i c i e n t s  o f  t h e  com plexes  d e s c r i b e d  h e r e  a r e  
c o l l e c t e d  i n  T a b le  3* S p e c t r a l  d a t a  f o r  o t h e r  t r a n s - C o  ( e n ^ X Y  
sy s te m s  a r e  a l s o  i n c l u d e d  f o r  c o m p a r a t i v e  p u r p o s e s .
The com plexes  t r a n s -  [ C o ( e n ) 0 ( 0 oC-(CHo ) -NH*)Br ] ( C 1 0 . ) o 
(n = 1 , 2 ) were  s y n t h e s i s e d  by  t h e  p r o c e d u r e  u s e d  f o r  t h e  c h l o r o  
com plexes  b u t  w i t h  t r a n s -  [ C o f e n ^ B r g  3 B r  a s  s t a r t i n g  
m a t e r i a l .  I n  t h e  e l e c t r o n i c  s o l u t i o n  s p e c t r a  o f  t h e s e  com plexes
•z _,-j
o n l y  two d -d  ban d s  ( X 595n m ,e  =50dm mol cm ; 450nm,max
3 - 1 - 1e = 33dm mol cm ) a r e  o b s e r v e d ,  t h e  t h i r d  b e i n g  c o m p l e t e l y
31o b s c u r e d  by an  i n t e n s e  B r  to  C o ( I I l )  c h a r g e  t r a n s f e r  b a n d .
The p o s i t i o n  o f  t h e  l o n g  w a v e l e n g th  band  i n  e ac h  complex  i s  
some 17nm r e d  s h i f t e d  r e l a t i v e  t o  t h e  c o r r e s p o n d i n g  band  
i n  t h e  a n a l o g o u s  c h l o r o  complex ,  i n  a c c o r d a n c e  w i th  t h e  r e l a t i v e  
p o s i t i o n s  o f  t h e s e  l i g a n d s  i n  t h e  s p e c t r o c h e m i c a l  s e r i e s .
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( i i i )  P r o t o n  n . m . r .  S p e c t r a .
34-House e t  a l ;  have  shown t h a t  t h e  s i m p l e s t  method o f
g e o m e t r i c  a s s i g n m e n t  i n  CoCen^XY com plexes  can be made on
13t h e  b a s i s  o f  t h e  C n . m . r .  s p e c t r a  r e s o n a n c e s .  I t  h a s  b e e n
shown f o r  s e v e r a l  c i s - a n d  t r a n s -  CoCen^XY p a i r s  t h a t  o n l y
one en-C r e s o n a n c e  i s  o b s e r v e d  i n  t h e  t r a n s - c o m p l e x e s  w h e r e a s ,
35 36two o r  more a r e  o b s e r v e d  f o r  t h e  r a c e m ic  c i s .  *
37 1Buckingham e t  a l  have  i n v e s t i g a t e d  t h e  -H n . m . r .
s p e c t r a  o f  C o ( e n ) 2X2 i s o m e r s  and have  o b s e r v e d  d i f f e r e n c e s  due  
to  t h e  d i f f e r e n t  s y m m e t r i e s .  The c i s ■i s o m e r s  have  symmetry 
w i t h  t h e  two-fold a x i s  i n  t h e  p l a n e  o f  t h e  c o b a l t  and t h e  two 
X g r o u p s  and t h i s  f a c t o r  makes t h e  -CHg-CHg- g r o u p s  e q u i v a ­
l e n t  p r o v i d e d  t h e  c o b a l t  - 1 , 2- d i a m i n o e t h a n e  r i n g s  h a v e  t h e
same c o n f i g u r a t i o n .  I f  t h e  c o n fo r m e rs  a r e  r e l a t i v e l y  r i g i d
-1( i n v e r s i o n  r a t e  < 1 0 s  ) t h e n  an ABCD p a t t e r n  c o u ld  emerge
i n  D ^ O . I f  an a v e r a g e  c o n fo rm e r  i s  o b s e r v e d  an A2B2 s y s te m
s h o u ld  a p p e a r  s i n c e  t h e  p r o t o n s  on e i t h e r  s i d e  o f  e ac h
c o b a l t - 1 , 2 - d i a m i n o e t h a n e  r i n g  would e n t e r t a i n  d i f f e r e n t
f i e l d s .  The t r a n s - i s o m e r s  ho w ever ,  w i t h  symmetry ,  h ave
e ach  s i d e  o f  t h e  c o b a l t - 1 , 2 -d ia m in o  e th a n e  r i n g  i n  i d e n t i c a l
f i e l d s  i f  c o n fo rm e r  i n t e r c h a n g e  i s  f a s t  and a s i n g l e t  s h o u l d
a p p e a r ,  o r ,  i f  t h e  i n t e r c h a n g e  i s  s u f f i c i e n t l y  s lo w ,  an
A2B2 s y s te m  c o u ld  be o b s e r v e d .
T r a n s -  [ Co (en )  2X2 ] complexes  g iv e  s h a r p  - C ^ - C H g -
37a b s o r p t i o n s  i n  b o t h  n e u t r a l  and a c i d i c  s o l u t i o n s .  T h i s  
i s  c o n s i s t e n t  w i t h  r a p i d  c o n f o r m a t i o n a l  i n t e r c h a n g e .  I n  a d d i ­
t i o n  t h e  c i s - c o m p l e x e s  have  a t  l e a s t  t h r e e  c l e a r l y  s e p a r a t e d
NH b a n d s  w i th  i n t e n s i t y  r a t i o s  4 : 2 : 2  w h i l e  t h e  t r a n s - c o m ­
p l e x e s  show o n l y  a  s i n g l e  NH a b s o r p t i o n .
37Buckingham e t  a l  have  shown t h a t  t h e  -CH^-CH^-
p r o t o n s  i n  t r a n s -  [CoCenJ^X^] sy s te m s  g e n e r a l l y  o c c u r  a t
386 > 3  p . p . m .  However, C h e s t e r  h a s  r e p o r t e d  -CHg-CHg-
p r o t o n  s i g n a l s  a t  5 <  3 . 0  p .p . m .  f o r  t r a n s -  [ CoCen^C O2C-
R) 2 ] 0 1 0 ^ ,  com plexes  (where  R= -CH^, - C ^ C H ^ ,  -C^H^CH^).
The p r o t o n  n . m . r .  s p e c t r a  o f  a l l  0 -b o n d ed  com plexes
s t u d i e d  i n  t h i s  c h a p t e r  i n  D ^ O  shov; m o d e r a t e l y  s h a r p
N - C ^ - C ^ - N  s i g n a l s  a s  would be e x p e c t e d  f o r  t r a n s - c o m p l e x e s
37w i t h  r a p i d  i n t e r c h a n g e  b e tw e e n  t h e  en r i n g  c o n f o r m e r s .  
However,  t h e  p o s i t i o n s  o f  t h e  s i g n a l s  ( c a .  6 2 . 9  p . p . m .
d o w n f i e l d  f rom  DSS s t a n d a r d )  a r e  somewhat u p f i e l d  r e l a t i v e  
t o  t h o s e  r e p o r t e d  i n  o t h e r  t r a n s - [ C o ( e n ) 2XY ] compounds. ^
( i v )  P o t e n t i o m e t r i c  T i t r a t i o n s .
I n  aq ueous  s o l u t i o n  t h e  com plexes  behave  a s  m o n o bas ic  
a c i d s  w i t h  pK v a l u e s  r a n g i n g  f rom 8 .5 6  (n=1 ) ,  t o  9 .9 7  ( n = 5) ,Cl
a t  2 5 . 0 + 0 . 1°C, i o n i c  s t r e n g t h  0.1M. T h i s  p r o v i d e s  f u r t h e r  
e v id e n c e  t h a t  we a r e  d e a l i n g  w i t h  0 -bonded  amino a c i d  
com plexes  i n  which  t h e  amino g r o u p s  a r e  p r o t o n a t e d .
t r a n s -  [ C o ( e n ) 2 (~ 0 2C-(CH2 ) n -HH5+ )C l  ] a
t r a n s - [ C o ( e n ) 2 ( - 0 2C-(CH2 ) -KH2 )C1 l+ ! ' + H+
  ( 2 )
As e x p e c t e d  when t h e  amino a c i d s  a r e  c o o r d i n a t e d  to  t h e  
C o ( e n ) 9Cl m o ie ty  t h e  pK v a l u e s  o f  t h e  NH g r o u p s  .
a r e  l o w e re d  r e l a t i v e  to  t h e  f r e e  a c i d s  "^NH^-CCH^) -C0o ,d. n c
and t h e  enhancem ent  i n  a c i d i t y  d e c r e a s e s  w i t h  i n c r e a s i n g  n .  
The t y p i c a l  p r o c e d u r e  u s e d  i n  t h e  d e t e r m i n a t i o n  o f  t h e  pK
a
v a l u e s  i s  i l l u s t r a t e d  f o r  t h e  g l y c i n a t e  complex i n  T a b l e  4*
The r e s u l t i n g  pK v a l u e s  a r e  compared w i t h  t h o s e  o fa
t h e  c o r r e s p o n d i n g  l i g a n d s ,  ^ N H ^ - C c ^ ) n *-C02 $ i n  T a b le  5 .
, K _ ,
NH3 -(CH2 ) n -C02 ’  , >■ NH2-(CH2 ) n “ C02 + H
• • • .  • (3 )
The t a b l e  shows t h a t  t h e  com plexes  a r e  more s t r o n g l y  a c i d i c  
t h a n  t h e  c o r r e s p o n d i n g  amino a c i d s ,  +NH^~(CH2 ) n “ C0 2 ~ ,
(n=1 , ApK = 1 .1 9 ;  n = 2 , ApK = 0 .85  ; n = 3 , ApK =1 .0 8 ;
c t d  c l
n=5,  ApK = 0 . 7 8 ) .  T h i s  i s  t o  be e x p e c t e d  i n  v iew  o f  t h e
c l
2 +
e l e c t r o n - w i t h d r a w i n g  n a t u r e  o f  t h e  - C o C e n ^ C l  m o i e t y .
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T a b le  5 £K v a l u e s  o f  t h e  amino a c i d  l i g a n d s  and c o r r e s ­
po n d in g  O-bonded com plexes  a t  2 9 8 . 2°K and 1 = 0 . 1M«
Amino a c i d  pK^ R e f .
+NH3 -CH2-C02"  9 .7 5  39
+NK.,-(CE2 ) 2-C02-  1 0 .2 4  40
+NH -(CH2 ) 3 -C02“ 10 .55  41
+HH3 -(CH2 ) 5-C02 “ 1 0 .7 5  42
Complex
t r a n s - [ C o ( e n ) 2 ( _0 2C-CH2-KH3+ )C l3  2+ 8 .5 6
t r a n s -  [ C o ( e n ) 2 ( - 0 2C-(CH2 ) 2-NH + ) C l l  2+ 9 . 3 9
t r a n s -  [ C o ( e n ) 2 ( “0 2C-(CH2 ) 3~HH3+ ) C l ]  2+ 9 .4 7
t r a n s -  [ C o ( e n ) 2 (~02C-(CH2 ) 5-NH + )C1 ]2+ 9 . 9 7
* pH r e a d i n g s  o b t a i n e d  f o r  t h e  f i n a l  20% o f  n e u t r a ­
l i s a t i o n  were  n o t  c o n s i d e r e d  b e c a u s e  o f  i n t e r f e r e n c e  
f rom b a s e  h y d r o l y s i s  a t  t h e  pH v a l u e s  i n v o l v e d .
(b) Characterisation of N-bonded Complexes*
( i )  I n f r a r e d  and E l e c t r o n i c  S o l u t i o n  S p e c t r a .
-1The i . r .  a b s o r p t i o n  a t  1702 - 1 7 3 8 c m  f o r  e ach  com­
p l e x  i s  c o n s i s t e n t  w i t h  t h e  p r e s e n c e  o f  u n i o n i z e d  c a r b o x y l i c  
43a c i d  g r o u p s .  S i m i l a r  f r e q u e n c i e s  h av e  b e e n  r e p o r t e d  f o r
o t h e r  com plexes  c o n t a i n i n g  u n i o n i z e d  c a r b o x y l i c  a c i d  g r o u p s
e . g .  complex ( I I ) ^ ’ ^  shows a  C=0 .a sy m m e tr i c  s t r e t c h i n g
-1v i b r a t i o n  a t  1710cm . A l l  t h e  com plexes  d e s c r i b e d  h e r e
-1
show two ban ds  i n  t h e  870 -  900cm r e g i o n  c o n s i s t e n t  w i t h  
c i s - c o n f i g u r a t i o n s  , a s  d i s c u s s e d  i n  s e c t i o n  4 ( a ) ( i )  o f  t h i s  
c h a p t e r  ( T a b le  6 ) .
The electronic solution spectra of the complexes display
two h a n d s  w i th  X  a t  526 -  528nm,' 366 -  368nm ( T a b le  6 ) .  Themax
p o s i t i o n  o f  t h e  l o n g  w a v e le n g th  band i s  t y p i c a l  o f  a  CoN^Cl 
chromophore  r e p r e s e n t s  a  f i v e  n i t r o g e n  d o n o r  sy s t e m )  ,
w h i l e  t h e  v a l u e s  o f  t h e  m o la r  a b s o r p t i o n  c o e f f i c i e n t s
•2 4 _ 1
(75 -  78dm mol cm ) a r e  v e r y  s i m i l a r  to  t h o s e  r e p o r t e d  f o r  
c i s -  [ C o ( e n ^ t N I ^ R j C l  3 2+ c o m p l e x e s ^  (and  s i g n i f i c a n t l y  
l a r g e r  t h a n  t h a t  f o r  t r a n s -  C Co (e n ^ N H ^ C l  ] ^  t h e  o n l y
known C o ( l l l )  s y s te m  o f  t h i s  t y p e  f o r  which c i s -  and  t r a n s ­
i s o m e r s  have  be en  c h a r a c t e r i s e d ) .  The complex c i s -  [ CoCenJ-g ' ' 
(NH2* - (C l^ ^ -C O 2H)Br ] Br^ was p r e p a r e d  by t h e  same method a s  
f o r  t h e  N-bonded c h l o r o  c o m p le x e s ,  u s i n g  t r a n s -  [ C o ( e n ^ B ^ J  
Br a s  s t a r t i n g  m a t e r i a l .  The e l e c t r o n i c  s o l u t i o n  s p e c t r a
o f  t h i s  complex shows o n l y  one d - d  band ( X  544nm,max
3 — 1 — 1e = 7 8 . 4dm mol cm ) ,  t h e  seco n d  b e i n g  masked by t h e  i n t e n s e
n e a r .  u . v .  c h a rg e  t r a n s f e r  b a n d .  The p o s i t i o n  o f  X m a x  i s .
15c o n s i s t e n t  w i th  a  CoN^Br ch rom ophore .
The c i s - s t e r e o c h e m i s t r y  o f  t h e  p r o d u c t  i s  n o t  r e a l l y
s u r p r i s i n g  s i n c e  i n  t h e  p r e s e n c e  o f  e q i i im o la r  q u a n t i t i e s
o f  b a s e ,  amino a c i d s  a r e  i o n i z e d  NH0-(CH0 ) -C0n ~ , and  a r e2 2 ' n  2  f
f r e e  to  r e a c t  w i t h  t r a n s - [ Co ( e n ^ C ^  ] Cl a s  n o rm a l  p r i m a r y  
a l i p h a t i c  a m in e s .  The r e a c t i o n s  b e tw een  t h i s  complex  and 
am ines  have  b e en  w i d e ly  i n v e s t i g a t e d  s i n c e  f i r s t  r e p o r t e d  
by M e i s e n h e i m e r . ^  D e s p i t e  much q u a l i t a t i v e  s t u d y ^  t h e
(A)
i n f l u e n c e  o f  t h e  n a t u r e  o f  t h e  amine^on t h e  p r o d u c t  o f  t h e  
r e a c t i o n  r e m a in s  s p e c u l a t i v e ,  s i n c e  a n y  o f  t h e  p r o d u c t s  i n
■2 A
t h e  r e a c t i o n  scheme ( 4 -  6) may he o b t a i n e d .  R e a c t i o n  (4)
seems t o  o c c u r  m a in ly  w i th  s t e r i c a l l y  h i n d e r e d  o r  w eak ly
b a s i c  a m in e s ,  r e a c t i o n  (5)  o c c u r s  a lm o s t  e x c l u s i v e l y  i n
t h e  c a s e  o f  p r i m a r y  a l i p h a t i c  a m in e s ,  and t h e  c i s - c o n f i g u -
«
r a t i o n s  o f  t h e  p r o d u c t s  have  b e en  u n a m b ig u o u s ly  e s t a b l i s h e d  
by r e s o l u t i o n  o f  t h e  r a c e m ic  m ix t u r e  ( a  t r a n s - c o n f i g u r a t i o n  
would be  a c h i r a l ) .
c i s - [ C o ( e n ) 2C l 2 ] +
. . . . .  ( 4 )
t r a n s -  [ C o ( e n ) 2C l 2 ] + —------------------c i s -  [ C o ( e n ) 2C l(A )  ] 2+
. . . . .  (5 )
c i s -  [ Co(en)„C l(OH) ] +
. . . . .  (6 )
I n  a  r e c e n t  r e p o r t  a  s i m i l a r  r e a c t i o n  b e tw e e n
t r a n s -  [ C o ( p n ) 2C l 2 ] + , ( p n = 1 ,3 - d i a m in o p r o p a n e )  and p r i m a r y
am ines  was d e s c r i b e d .  50 Again  t h e  p r o d u c t s  a r e  o f  t h e
c i s - c h l o r o p e n t a m m i n e  t y p e  ( e s t a b l i s h e d  by r e s o l u t i o n  o f
re c e m ic  m i x t u r e )  a l t h o u g h  t h e  v i s i b l e  a b s o r p t i o n  b a n d s  h av e
d i s t i n c t l y  l o w e r  m o la r  a b s o r p t i o n  c o e f f i c i e n t s  ( A 532 -max
548nm, e= 48 -  60dm5mol” 1 cm” 1 , 370 -  372nm,
3 - 1 —1 s  =64 -  66dm mol cm ) .
(ii) Proton n.m.r. Spectra.
A l l  c i s -  [ C o ( e n ) 2 (NhT2 -(CH )n -C02H)Cl ] 2+ complexes
r e p o r t e d  h e r e  d i s p l a y  b ro a d  N-CH2-CH2-N p r o t o n  s i g n a l s
1a t  5 < 3  .O p .p .m .  I n  t h e  H n . m . r .  sp e c t ru m  o f  t h e  g l y c i n e  
complexes  ( i n  D^O) t h e  N-CH^-CH^-N s i g n a l s  a r e  a p p r e c i a b l y  
b r o a d e r  i n  t h e  c i s - N - b o n d e d  complex t h a n  i n  i t s  t r a n s -  0 -  
bonded i s o m e r  ( F i g u r e s  3 & 4) i n  ag reem en t  w i th  r e p o r t e d  
d a t a  f o r  o t h e r  c i s / t r a n s - C o ( e n ) 2XY s y s t e m s . ^  The g l y c i n e  
-CH2 p r o t o n s  i n  t h e  N-bonded complex g i v e  r i s e  t o  a  t r i p l e t  
( 6 3 . 4 p . p . m .  a t  pD 1, C o( I I I )~ N H 2 “CH2 ~C02D, s h i f t i n g  to  
5 3 . 0 5 p . p . m .  on t h e  a d d i t i o n  o f  b a s e ,  C o ( I I I ) - N H 2 -CH2-C02 , 
pD 7 ) ,  due  t o  c o u p l i n g  w i th  t h e  NH2 p r o t o n s .  The t r i p l e t  
s lo w ly  c o l l a p s e s  t o  a  s i n g l e t  a s  t h e  NH2 p r o t o n s  u n de rg o  
exchange  (pD 7 ,  60°C) .  S u b s e q u e n t  r e p l a c e m e n t  o f  t h i s  
s i n g l e t  by a n o t h e r  a t  5 3 . 6 0 p . p . m .  i s  c o n c o m i t a n t  w i t h  
b a se  h y d r o l y s i s  o f  t h e  complex .
T a b le  6 E l e c t r o n i c  (300 -  700nm) and i . r .  s p e c t r a l  f e a t u r e s
o f  t h e  complexes  c i s -  [ C o (e n ) 2 (NHo-(CH2 ) n -CQ2H ) c l l c i o .
n ^max^nm Ce/dm ^m ol’"1c!ii_ 1 ) Vc= 0  , /(C H 2 ) / c n f 1
1 5 2 6 ( 7 8 .2 )  , 5 6 8 ( 8 4 . 0 )  1750 8 90 ,  878
2 5 2 8 ( 7 6 . 6 ) , 3 6 7 ( 8 1 . 6 ) 1728 8 9 3 , 880
3 5 2 6 ( 7 6 .9 )  , 3 6 7 ( 8 2 .7 )  1710 8 9 6 , 872
5 5 2 7 ( 7 8 .5 )  , 3 6 6 ( 8 6 . 0 ) 1712 893 ,  870
in
VO
+ on
CO

(iii) Potentiometric Titrations.
I n  aqu eo u s  s o l u t i o n  t h e  N-bonded com plexes  behave  a s
m onobas ic  a c i d s  w i t h  pK v a l u e s  r a n g i n g  from  2 . 6 8  (n = 1 ) toa
4 . 4 8  ( n = 5 ) ,  a t  25+0.  1°C, i o n i c  s t r e n g t h  0 .1M. T h i s  r a n g e  o f  
v a l u e s  c o n f i r m s  t h a t  we a r e  d e a l i n g  w i t h  N-bonded amino a c i d  
c o m p le x e s ,  i n  which t h e  c a r b o x y l i c  a c i d  g ro u p s  a r e  u n c o o r ­
d i n a t e d .  I n  each  c a s e  t h e  complex i s  a  s l i g h t l y  w e a k e r  a c i d
K
c i s -  r C o(enK (N H »-(C H -)  -C0„HlCl  1 2 +  — —
c i s - [ C o ( e n ) 2 (NH2-(CH2 ) n -C02 “ ) C l ]  + + H+    (7 )
t h a n  t h e  c o r r e s p o n d i n g  p r o t o n a t e d  a m i n o a c i d ,  CH^J^CO^H
( n = 1 , A pK -  0 . 3 ;  n=5 ,  ApK < 0 . 1 ) , ^  ( T a b le  7 ) *  i n d i c a t i n g  d, a
2 +t h a t  t h e  - C o C e n ^ C l  g ro u p  i s  l e s s  e l e c t r o n e g a t i v e  t h a n
•f*
H. T a b le  8 c o n t a i n s  d a t a  r e l e v a n t  to  t h e  c a l c u l a t i o n  o f  
t h e  pK v a l u e  o f  t h e  g l y c i n e  com plex ,  which  r e q u i r e d  a
c l
+ 17c o r r e c t i o n  f o r  (H ) .
T a b le  7 pK_ v a l u e s  o f  t h e  amino a c i d  l i g a n d s  and c o r r e s -  
a i
p o n d in g  N-bonded complexes  a t  2 9 8 .2  K and 1=0.1 M.
Amino a c i d  . pK
. a 1
+NH,-CH? -C02H 2.41
+HH3 -(0 H 2 ) 2-C02H 3 . 5 5
+NH3 -(CH2 ) -C02II 4 .0 3
+NH3-(CH? ) -C02P. 4 .43
Complex
c i s - [ C o ( e n ) 2 (NH2 -CH2-C02H)Cl ] 2+ 2 . 6 8
c i s -  [ C o ( e n ) 2 (NH2 -(CH2 ) 2 -C02H)CX 3 2+ 4 .0 0
c i s - [ C o ( e n ) 2 (NH2 -(CH2 ) -C02H ) C 1 3 2+ 4 .2 4
c i s -  [ C o ( e n ) 2 (NH2-(CH2 ) -C02H ) C 1 3 2+ 4 . 4 8
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CHAPTER II
P r e p a r a t i o n  and H y d r o l y s i s  R e a c t i o n s  o f  O-bonded 
Amino Acid  Complexes o f  C o b a l t ( l l l ) .
1. Introduction.
Most i n v e s t i g a t i o n s  on s u b s t i t u t i o n  r e a c t i o n s  i n  
o c t a h e d r a l  com plexes  have  d e a l t  w i th  c o b a l t ( I I I ) - a m i n e s ,  
p r e s u m a b ly  b e c a u s e  o f  t h e i r  e a s e  o f  f o r m a t i o n  a s  w e l l  a s ,  
t h e i r  r e l a t i v e l y  i n e r t  b e h a v i o u r  which p e r m i t s  t h e i r  
r e a c t i o n s  to  be f o l l o w e d  by c o n v e n t i o n a l  t e c h n i q u e s .
I t  h a s  been  d e m o n s t r a t e d  many t im e s  t h a t  o n l y  t h r e e  
t y p e s  o f  s im p le  s u b s t i t u t i o n  r e a c t i o n s  i n  o c t a h e d r a l  
c o b a l t ( I I I ) - a m i n e  com plexes  a r e  o b s e r v e d  i n  aq u eo u s  s o l u ­
t i o n ?  T hese  a r e :
( a )  A c id  h y d r o l y s i s ;  i n  which t h e  l e a v i n g  g ro u p  i s  r e p l a c e d  
by w a t e r .  The r e a c t i o n  i s  commonly known a s  a q u a t i o n .
(b )  Base  h y d r o l y s i s ;  i n  which t h e  l e a v i n g  g ro u p  i s  r e p l a c e d  
by h y d r o x i d e  i o n .
( c )  A n a t i o n ;  i n - w h i c h  c o o r d i n a t e d  w a t e r  i s  r e p l a c e d  by 
an in co m in g  n u c l e o p h i l e .
( a )  A c id  H y d r o l y s i s .
The most  e x t e n s i v e l y  s t u d i e d  r e a c t i o n  o f  c o b a l t ( l l l ) -  
amine com plexes  i s  t h a t  w i t h  w a t e r .  I n  o r d e r  t o  s u p p r e s s  
t h e  r e l a t i v e l y  r a p i d  b a s e  h y d r o l y s i s ,  r e a c t i o n s  a r e  u s u a l l y  
f o l l o w e d  a t  a  pH l e s s  t h a n  a b o u t  3 .  Such r e a c t i o n s  a r e  
u s u a l l y  r e f e r r e d  to  a s  a c i d  h y d r o l y s i s  o r  a q u a t i o n .  A l l  
t h e  a v a i l a b l e  e x p e r i m e n t a l  d a t a ,  c o r r e l a t i n g  v a r i o u s  e f f e c t s  
o h  r a t e s ,  a r e  c o m p a t i b l e  w i th  t h e  a s s i g n m e n t  o f  an  S-^1
2-4m echanism. I t  h a s ,  h ow ever ,  n o t  beenpossible to  o b t a i n
any  unambiguous s u p p o r t  f o r  a  b i m o l e c u l a r  r e a c t i o n  f o r  
c o b a l t ( I I I ) - a m i n e  complexes  i n  aq u eo u s  s o l u t i o n .
To s u b s t a n t i a t e  t h e  a s s i g n m e n t  o f  an  S^1 m echanism, 
a t t e m p t s  have  b een  made to  i n d u c e  a q u a t i o n  by g e n e r a t i n g  
good l e a v i n g  g r o u p s  w i th  s u i t a b l e  r e a g e n t s  and t h e r e b y ,  
p rom ote  t h e  p r o d u c t i o n  o f  f i v e - c o o r d i n a t e  i n t e r m e d i a t e s .  
The r e a c t i o n  o f  n i t r o u s  a c i d  on  c o o r d i n a t e d  a z i d e  and 
t h e  r e a c t i o n  o f  H g ( l l )  i o n  on c o o r d i n a t e d  h a l i d e  a r e  
commonly u s e d  to  g e n e r a t e  good l e a v i n g  g ro u p s  Ng and HgX+
i
r e s p e c t i v e l y .
Go-ftr  + H+ + HONO *- Co-N2 + h 2o + n 2o
( 1)
and
Co-X-  + H g ( l l ) Co-XHg+
( 2 )
H g ( I I ) - p r o m o t e d  a c i d  h y d r o l y s i s  o f  h a l o a m i n e -  
c o b a l t  ( I I I )  com plexes  g e n e r a l l y  f o l l o w s  seco n d  o r d e r  
k i n e t i c s
R a te  = k^ [ H g ( l l ) ]  [ co m p lex ]
(3)
The mechanism o f  t h i s  r e a c t i o n  i n v o l v e s  r a p i d  p r e - e q u i l i ­
b r iu m  f o r m a t i o n  o f  a  b i n u c l e a r  C o ( l l l ) ,  H g ( l l )  complex 
w i t h  h a l i d e  a s  t h e  b r i d g i n g  l i g a n d .  The r a t e  d e t e r m i n i n g  
s t e p  o f  t h e  r e a c t i o n  i s  d i s s o c i a t i v e  i n v o l v i n g  l o s s  o f
*4- M
t h e  good l e a v i n g  g ro u p  HgX , ( b e t t e r  t h a n  X ) ,  f rom  t h e  
b r i d g e d  i n t e r m e d i a t e .  The mechansim i s  o u t l i n e d  u s i n g  t h e
2 4 -
s u b s t r a t e  [ Co(NH^)j-X ] , a s  an  exam ple .
K ■
C Co (NH5 ) 5X 1 2+ + H g ( l l )  [ ( N H ^ ) g - C o ( I I I )—X - H g ( I I ) ]
s low
k 1
■z. +H90 ' '
[Co(NH3 ) 5 (H20 )  ] ^-----  z -----  [ Co(NH3 ) 5 ] :>+ + HgX
f a s t
. . . . .  (4 )
I f  we a p p l y  a  s t e a d y  s t a t e  a p p r o x i m a t i o n  to  t h e  b r i d g e d  
complex c o n c e n t r a t i o n  and assume t h a t  K [Hg ( I I )  1 <SC1, 
t h e n  t h e  o b s e r v e d  r a t e  e x p r e s s i o n  i s  o b t a i n e d  ( ^  = k fK ) .
x C
The H g ( I I ) - p r o m o t e d  a q u a t i o n  o f  c i s -  [ C o ( e n ) 2CNCl] 
p r o v i d e s  an  example  o f  d e p a r t u r e  f rom  a  s im p le  f i r s t  o r d e r  
d epen d en ce  on t h e  c o n c e n t r a t i o n  o f  H g ( l l ) .  At [ H g ( l l )  ] 
)>0 .04M , [ c o m p le x  ] =2.86x10^M, t h e  r a t e  i s  i n d e p e n d e n t  
o f  H g ( I l ) . T h i s  may be e x p l a i n e d  i n  t e r m s  o f  c o m p le te  
c o n v e r s i o n  o f  complex to  b r i d g e d  b i n u c l e a r  i n t e r m e d i a t e  
a t  t h e s e  [ H g ( l l )  J  v a l u e s ,  t h e  e x t r a  s t a b i l i t y  o f  t h e  
b i n u c l e a r  s p e c i e s  b e i n g  due to  t h e  l i k e l i h o o d  o f  d o u b le  
b r i d g i n g  ( I ) .
C l
Co(III) Hg(II)
A
c
( I )
S i m i l a r  "behaviour i s  o b s e r v e d  i n  t h e  H g ( l l ) - p r o m o t e d
+ 6a q u a t i o n  o f  c i s - C o C e n ^ C ^ .
(b )  Base  H y d r o l y s i s .
I t  i s  w e l l  known t h a t  c o h a l t ( I I I ) - a m i n e  c o m p lexes
r e a c t  v e r y  r a p i d l y  w i th  h y d r o x i d e  i o n  a c c o r d i n g  t o  s e c o n d
o r d e r  k i n e t i c s ,  f i r s t  o r d e r  w i t h  r e s p e c t  to  b o t h  complex
and h y d r o x i d e  i o n  c o n c e n t r a t i o n .  P o u r  d i f f e r e n t  m echanism s
7-11h av e  been  p ro p o se d  to  e x p l a i n  t h e  r a p i d  b a s e  h y d r o l y s i s ,
and o f  t h e s e  t h e  S^1CB ( S u b s t i t u t i o n  N u d e o p h i l i c  U n i -
m o l e c u l a r  C o n ju g a te  Base)  mechanism i s  t h e  one  t h a t  h a s
b e s t  s t o o d  t h e  t e s t  o f  t i m e .  T h i s  mechanism i s  i l l u s t r a t e d
2 + 1by t h e  r e a c t i o n  o f  [ Co(NH^)^Cl ] ,
■ k
[Co (NH5) 5C1] 2+ + oh" . ■• [Co(NH5 ) 4NH2C1] +
k  ^ ( f a s t )
+ H2°  . . . . .  (5 )
[C0(NH5 ) 4NH2C 1 ] -  [ c o (nh3 ) 4hh2 ]cb r _ ■> „r, i 2+ + c l -
(  ^)
The a p p l i c a t i o n  o f  a  s t e a d y - s t a t e  a p p r o x i m a t i o n  to  
[ Co(NH,) ,NH2C1 ] + g i v e s
k , k  [OH""] [ co m p lex ]
R a te  = — —J------------------------------
k -1 + k 1 [0H~ ]
  (9 )
I f  t h e  e q u i l i b r i u m  (5 )  i s  r a p i d l y  e s t a b l i s h e d  w i t h  r e s p e c t  
to  s t e p  (6 )
k , K [0H~] [ co m p lex ]
• R a te  = --------- ---------— --------
1 ,+ K [0H“ ]
. . . . .  (10)
where K (= k ^ /k ^ ^ )  r e p r e s e n t s  t h e  c o n j u g a t e  b a s e  f o r m a t i o n  
c o n s t a n t .  P o r  c o b a l t ( i l l ) - a m i n e  com plexes  , where  t h e  
p&a  f o r  amine p r o t o n s  i s  u s u a l l y  g r e a t e r  t h a n  1 5 , ^  i t  
may be assumed t h a t  u n d e r  most  e x p e r i m e n t a l  c o n d i t i o n s  
1 ^ >  K [0H~] , and
R a te  = k ^ K  [ 0H~ ] [  complex ]   (11 )
k K
o r  R a te  = a  [ OH- ] [ complex ]
Kw . . . . .  ( 1 2 )
where  K r e p r e s e n t s  t h e  a c i d  d i s s o c i a t i o n  c o n s t a n t  o f  t h e  a
amine  com plex ,  ( a  pK v a l u e  o f  1 4 .9  h a s  r e c e n t l y  been  o b - ^ 3.
t a i n e d  f o r  [ C o (en )^  ] u s i n g  h i g h l y  b a s i c  aqu eo us  h y d r o x i d e
12- d i m e t h y l s u l p h o x i d e  m e d i a ) .
A c h a r a c t e r i s t i c  f e a t u r e  o f  b a s e  h y d r o l y s i s  r e a c t i o n s  
o f  c o b a l t ( l l l )  complexes  a r e  t h e  l a r g e  p o s i t i v e  e n t r o p i e s  o f  
a c t i v a t i o n  found  t h r o u g h o u t .  I n d e e d  f o r  com plexes  o f  t h e  
t y p e  [CoCen^A X ] ^ + d i f f e r e n c e s  i n  r a t e  u s u a l l y  r e s u l t  
f ro m  d i f f e r e n c e s  i n  AS , w i t h  AH r e m a i n i n g  c o n s t a n t  
a t  92 -  100kJm ol"!  3
I n  some c a s e  h ow ever ,  e . g .  t r a n s - [ C o (c y c la ra )C l2 ] +
*1 4 t h e  c o n j u g a t e  b a s e  i s  e x t r e m e l y  l a b i l e  and a  p o i n t  
h a s  b e e n  r e a c h e d  where d e p r o t o n a t i o n  i s  t h e  r a t e  d e t e r m i n i n g  
s t e p  f o r  b a s e  h y d r o l y s i s ,  I n  t h i s  example  a c t i v a t i o n  
p a r a m e t e r s  a r e  anomalous and a g r e e  w e l l  w i t h  t h o s e  o b t a i n e d  
i n d e p e n d e n t l y  f o r  p r o t o n  e x c h a n g e .
T h i s  c h a p t e r  r e p o r t s  t h e  p r e p a r a t i o n ,  c h a r a c t e r i s a t i o n  
and h y d r o l y s i s  s t u d i e s  o f  some t r a n s -  [CofenJgAX] , 
c o m p lex es  i n  which  X=Cl~,Br~ and A i s  an amino a c i d  
l i g a n d ,  O-bonded t o  t h e  m e t a l  i o n .
2 ,  E x p e r i m e n t a l .
( a )  p r e p a r a t i o n  o f  Compounds.
( ^ ) P r e p a r a t i o n  o f  t r a n s - d i b r o m o - b i s ( 1 , 2 - d i a m i n o e t h a n e )  
c o b a l t ( l l l )  b r o m i d e .
T r a n s -  [ C o C e n ^ C ^  ]C1 was d i s s o l v e d  i n  h o t  (60°C) 
c o n c e n t r a t e d  HBr, and t h e  s o l u t i o n  was s u c t i o n  f i l t e r e d .
The f i l t r a t e  was c o o le d  i n  an  i c e - b a t h ,  and t h e  r e s u l t i n g  
b r i g h t - g r e e n  c r y s t a l s  were d r i e d  i n  an oven  a t  120°C.
F o u n d : C ,1 1 .50%; H ,4 .11% ; N,13 .38% .Co(C4Hl6 N4B r 3 ) r e q u i r e s  
C , 1 1.47%; H ,3.85%; N , 13.38%
( i i )  P r e p a r a t i o n  o f  t h e  com plexes  t r a n s -  r C o ( e n )o(~OoC- 
CH(R)-NH^ ^ ) X] (C10 . ) 2 » (X=cr,Br~; R = - H ,  -CH, ,
T r a n s -  [ C o ^ n ^ ^ ]  X (0 .0 1  mol) and t h e  amino a c i d
(O.OImol)  were g round  t o g e t h e r  and made i n t o  a  p a s t e
by t h e  a d d i t i o n  o f  a  l i t t l e  w a t e r .  D i e t h y l a m i n e ( ~  0 .2 c m  )
was added d ro p w ise  w i th  c o n t i n u o u s  g r i n d i n g  t o  t h e  p a s t e
u n t i l  t h e  c o l o u r  change  was c o m p le te  (mauve i n  t h e  c a s e
o f  t h e  c h l o r o  c o m p lex e s ,  d a r k  g r e e n  i n  t h e  c a s e  o f  t h e
bromo c o m p l e x e s ) .  The m ix t u r e  was t h e n  t r e a t e d  w i t h  0.5M
HCIO^ (20cm ) and h e a t e d  on a  s te a m  b a t h  u n t i l  m ost  o f
t h e  s o l i d  m a t e r i a l  had  d i s s o l v e d .  T h i s  was f i l t e r e d  w h i l e
h o t  and t h e  f i l t r a t e  t h e n  t r e a t e d  w i t h  c o n c e n t r a t e d  HC10.4%
( 1 c n r ) .  On c o o l i n g ,  t h e  complexes  c r y s t a l l i s e d  a s  mauve 
( c h l o r o  com plexes)  o r  d a r k  g r e e n  (bromo co m p lex e s )  n e e d l e s .  
A l l  com plexes  were r e c r y s t a l l i s e d  f rom  1M HCIO^ and 
were  o b t a i n e d  i n  60 -  80% y i e l d s .  A n a l y t i c a l  d a t a  f o r  
t h e  complexes  i s  g i v e n  i n  T a b le  1.
T a b l e  1 A n a l y t i c a l  d a t a  f o r  t h e  complexes
t r a n s -  f Co ( e n )^ -, (~O^C-CH(R) -NH^*)X] (CIO ■ )o •nH^ot
Found %  C a l c u l a t e d  %
R X n c H N C H N
-H Br~ 0 13*7 3 . 9 12.6 13 .5 4 .0 13.1
-CH.,3 c r 0 16 .9 4 . 4 13.6 16 .7 4 . 6 1 3 .9
Br“ 0 15 .6 ■4.2 12 .5 1 5 .4 4 .2 1 2 . 8
- c 2h 5 c r 1 18 .0 4 . 7 1 2 . 8 18 .0 5.1 13.1
Br~ 0 16 .6 4 . 4 12.1 17.1 4 .5 12 .5
* R = H , X = Cl*“ complex r e p o r t e d  i n  c h a p t e r  I  .
( b )  K i n e t i c  M e a s u re m e n ts .
A l l  m e r c u r y ( I I ) -p ro m o te d  a q u a t i o n  and b a s e  h y d r o l y s i s  
s t u d i e s  were  c a r r i e d  o u t  a t  c o n s t a n t  i o n i c  s t r e n g t h  u s i n g  a  
Unicam SP 1800 s p e c t r o p h o t o m e t e r  e q u ip p e d  w i t h  a  t h e r m o -  
s t a t t e d  c e l l  com par tm en t .  The Hg(Xl)  and a l k a l i  s o l u t i o n s  were
1 c
s t a n d a r d i s e d  by  t h e  method o f  V o g e l .  The r e a c t i o n  
s o l u t i o n  was p l a c e d  i n  t h e  t h e r m o s t a t t e d  c e l l  com par tm en t  
o f  t h e  s p e c t r o p h o t o m e t e r ,  a l l o w e d  t o  t e m p e r a t u r e  e q u i l i ­
b r a t e  f o r  20 m i n u t e s ,  a f t e r  which  t im e  1 0 p l i t e r  o f  a  
c o n c e n t r a t e d  f r e s h  aqueous  s o l u t i o n  o f  t h e  complex  was 
a d d e d .  R e a c t i o n s  were  n o r m a l l y  f o l l o w e d  f o r  a t  l e a s t  t e n  
h a l f - l i v e s .  L i n e a r  p l o t s  o f  logCA*, -A^) v e r s u s  t im e  
(w here  A^ i s  a b s o r b a n c e  a t  t im e  t  and Aw  i s  a b s o r b a n c e
a t  t h e  t im e  i n f i n i t y  r e s p e c t i v e l y ) ,  were  o b t a i n e d ,  and 
v a l u e s  o f  ^  ^ * pseudo f i r s t  o r d e r  r a t e  c o n s t a n t s  were  
c a l c u l a t e d  from t h e  s l o p e s  o f  such  p l o t s  (k Q^ s = s lo p e .x  2 . 3 0 3 ) 
The v a l u e  o f  , ( s e c o n d  o r d e r  r a t e  c o n s t a n t )  was c a l c u ­
l a t e d  f rom  t h e  v a l u e  o f  k  ^ /  [ H g ( l l )  ] ,  i n  t h e  c a s e  o f  
H g ( I I ) - p r o m o t e d  a q u a t i o n  r e a c t i o n s  and ko^ s /  [OH” ] f o r  
b a s e  h y d r o l y s i s  r e a c t i o n s .  The a c t i v a t i o n  p a r a m e t e r s  f o r  
t h e s e  r e a c t i o n s  were  c a l c u l a t e d  f rom  t h e  s l o p e s  o f  t h e
^  _  .4
l i n e a r  p l o t s  o f  l n k 2 v e r s u s  i o ^ T “ u s i n g  t h e  e x p r e s s i o n s
-E
S lo p e  = — -
R . . . . .  (13 )
AH* = E -  RT . . . . .  (14 )a
A G = RTln -  RTlnk2 _____
AS* = 4H*_-,...AG*   ( 1 6 )
T
where  t h e  symbols  have  t h e i r  u s u a l  m e a n in g s .
3« Results and,Discussion.
( a )  C h a r a c t e r i s a t i o n  o f  C om plexes .
( i )  E l e c t r o n i c ,  i . r . ,  and n . m . r .  S p e c t r a .
A l l  t h e  com plexes  have  been  a s s i g n e d  a  t r a n s - c o n f i -
g u r a t i o n  on t h e  b a s i s  o f  a  v a r i e t y  o f  s p e c t r o s c o p i c
m e a s u r e m e n ts .  S a l i e n t  i . r .  and e l e c t r o n i c  (350 -  700nm ),
s p e c t r a l  f e a t u r e s  o f  t h e  complexes  a r e  p r e s e n t e d  i n
T a b l e  2 .  The i . r .  s p e c t r a  o f  t h e  com plexes  show a  C=0
s t r e t c h i n g  band a t  1630 -  1640cm c o n s i s t e n t  w i t h  t h e
p r e s e n c e  i n  t h e  complexes  o f  c o o r d i n a t e d  c a r b o x y l a t e  
17
g r o u p s .  T h i s  i s  i n  a g re em e n t  w i t h  r e p o r t e d  d a t a  f o r
o t h e r  c a r b o x y l a t o  bonded amino a c i d  com plexes  o f  c o b a l t
( i l l ) ,  a s  d i s c u s s e d  i n  c h a p t e r  I , 4 ( a ) ( i ) .  The com plexes
a l s o  show d e f o r m a t i o n  bands  due t o  the-NH^+ g r o u p  i n  
-1t h e  1500cm r e g i o n .  I n  a d d i t i o n  t h e  co m plexes  i n  t h e  
— 1850 -  900cm. r e g i o n  show a  s i n g l e  CH2 ( e n ) -  r o c k i n g  b a n d ,
c o n s i s t e n t  w i t h  a  t r a n s - c o n f i g u r a t i o n ,  s i n c e  c i s - c o m p l e x e s
18d i s p l a y  a  s p l i t  a b s o r p t i o n  f o r  t h i s  v i b r a t i o n .
The c h l o r o  com plexes  show t h r e e  b a n d s  i n  t h e i r  e l e c ­
t r o n i c  s o l u t i o n  s p e c t r a  i n  t h e  350 -  700nm r a n g e  w i t h  
Xmax v a l u e s  a t  575 -  580nm, 444 -446nm, and 366 -  368nm. 
T h i s  i s  f u l l y  c o n s i s t e n t  w i t h  a  c o n f i g u r a t i o n  i n  w h ich  
Cl and t h e  amino a c i d  occupy  t r a n s - p o s i t i o n s  ( C h . I , 4 ( a ) ( i  
I n  t h e  bromo complexes  t h e  l o w e s t  e n e r g y  band o c c u r s  a t  
l o n g e r  w a v e l e n g th s  (by some 20nm) t h a n  t h e  c o r r e s p o n d i n g
band i n  t h e  c h lo r o  c o m p lex e s ,  c o n s i s t e n t  w i t h  B r  b e in g
-  1 9lo w e r  i n  t h e  s p e c t r o c h e m i c a l  s e r i e s  t h a n  C l .  The
s h o r t e s t  w a v e le n g th  band i n  t h e  bromo com plexes  ho w ev er ,
20i s  o b s c u r e d  by an i n t e n s e  c h a rg e  t r a n s f e r  band , upon
w h ic h ,  t h e  m id d le  d - d  band a p p e a r s  a s  a  s h o u l d e r .  The
m o la r  a b s o r p t i o n  c o e f f i c i e n t s  o f  t h e  l o w e s t  e n e r g y  band
a l s o  s u p p o r t s  a  t r a n s - a s s i g n m e n t . The low m o la r  a b s o r p -
3 —1 —1t i o n  c o e f f i c i e n t s  ( ~30dm mol cm ) o b s e r v e d  f o r  t h e  
m id d le  d - d  band seems t o  be a  c h a r a c t e r i s t i c  f e a t u r e  o f  
c o o r d i n a t e d  c a r b o x y l a t e .  Comparable  v a l u e s  have  b e en
21r e p o r t e d  f o r  t r a n s - c h l o r o ( a c e t a t o ) ,  t r a n s - d i c a r b o x y l a t o
22and t r a n s - a q u o c a r b o x y l a t o  c o m p lex es .
1The H n . m . r .  s p e c t r a  o f  t h e  com plexes  i n  D^O a l l
show m o d e r a t e l y  s h a r p  N - C ^ - C t ^ - N  s i g n a l s  a s  would be
e x p e c t e d  f o r  t r a n s - c o m p l e x e s ,  w i th  r a p i d  i n t e r c h a n g e
23b e tw ee n  t h e  en r i n g  c o n f o r m a t i o n s .
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( i i )  P o t e n t i o m e t r i c  T i t r a t i o n s .
A l l  complexes  r e p o r t e d  i n  t h i s  c h a p t e r  behave  a s
m onobas ic  a c i d s  and consume one mole o f  a l k a l i  p e r  mole
o f  complex i n  t h e  pH r a n g e  7 - 1 0  a f t e r  a l l o w i n g  f o r  b a se
c o n su m p t io n  due t o  b a se  h y d r o l y s i s .  S in c e  b a s e  h y d r o l y s i s
r e a c t i o n s  o f  t h e s e  complexes  were  t o  be i n v e s t i g a t e d  i t
was d e s i r a b l e  t o  d e t e r m i n e  t h e  pK v a l u e s  o f  t h e  a c i d i c0,
g r o u p s  i n  o r d e r  to  o b t a i n  i n f o r m a t i o n  c o n c e r n i n g  t h e  
c o n j u g a t e  a c i d / b a s e  c o m p o s i t i o n  o f  t h e  s o l u t i o n s  u n d e r  
i n v e s t i g a t i o n .  The pK v a l u e s  f o r  t h e  i o n i z a t i o n s  were
Si
. p . K
t r a n s -  [ G o (e n )2 ( 0 2C-CH(R)~NH5 )X] J a -
t r a n s -  [ C o ( e n ) 2 C"02C-CH(R)-NH2 )X] + + H+
  (17 )
o b t a i n e d  by s t a n d a r d  p o t e n t i o m e t r i c  m e t h o d s , a t  i o n i c  
s t r e n g t h  1 .OM ( c o n d i t i o n  s i m i l a r  t o  t h o s e  u n d e r  w h ich  
b a s e  h y d r o l y s i s  r e a c t i o n s  were s t u d i e d ) .  The mixed pK
a
v a l u e s  ( i n v o l v i n g  h y d ro g e n  i o n  a c t i v i t i e s  b u t  c o n c e n t r a ­
t i o n s  o f  c o n j u g a t e  a c i d s  and b a s e ) ,  t h u s  o b t a i n e d  a t  
2 9 8 . 2°K., a r e  p r e s e n t e d  i n  T a b le  3 ,  and t h e  t y p i c a l  p r o c e ­
d u re  u s e d  i n  t h e  d e t e r m i n a t i o n  o f  t h e  pK v a l u e s  i s
cl
shown f o r  t r a n s -  [ C o ( e n ) 2 ( “0 2C-CH(C2H5 )-NH5+ ) B r ]  2 +  i n  
T a b le  4* As e x p e c t e d  i o n i z a t i o n  o f  t h e  ammonium g ro u p  
h a s  l i t t l e  e f f e c t  on t h e  v i s i b l e - n e a r  u l t r a v i o l e t  s p e c t r a  
o f  t h e  c o m p lexes .
- bb -
T a b le  3 . pK v a l u e s  f o r  i o n i z a t i o n  o f  t h e  complex
--*■     —  -     -  —— -
t r a n s -  CCo(en) 2 (~Oc C-CH(R)-NH +)X 1 2+ a t  
2 9 8 . 2°K and i o n i c  s t r e n g t h  1 ,0M.
R X pK
Si
-H Cl*
B r
- ch5 Cl
Br
- C 0 Hr.  Cl*2 o
Br
8 .8 7
8.66
8 .7 9  
8 . 6 8
8 .8 0  
8 .6 5
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(b) Base Hydrolysis.
I n  a l k a l i n e  s o l u t i o n s  t h e  com plexes  t r a n s -  [C oC en)^ -
*■* *4* 2 4*( )X ] which  e x i s t  a s  c o n j u g a t e  a c i d -
b a s e  e q u i l i b r i u m  m i x t u r e s  u n d e rgo  r e a c t i o n s  c h a r a c t e r i s e d  
by  marked s p e c t r a l  c h a n g e s .  I n  a l l  c a s e s  t h e  l o w e s t  and 
i n t e r m e d i a t e  e n e r g y  d -d  b a n d s  d i s a p p e a r  and a r e  r e p l a c e d  
by  a  new band o f  g r e a t e r  I n t e n s i t y  a t  510nm ( F i g u r e s  2 & 3 ,  
p . p .  69 & 7 0 ) .  The c h a r g e  t r a n s f e r  band i n  t h e  n e a r  u l t r a ­
v i o l e t  s p e c t r a  o f  t h e  bromo com plexes  d i s a p p e a r  i n d i c a t i v e  
o f  p r o c e s s e s  i n v o l v i n g  rem o va l  o f  B r"  f rom  t h e  c o m p le x e s .
W el l  d e f i n e d  i s o s b e s t i c  p o i n t s  were o b s e r v e d  d u r i n g  t h e  
r e a c t i o n s  a t  566 and 342 nm f o r  t h e  c h lo r o  co m plexes  and 
a t  566 and 446nm f o r  t h e  bromo c o m p lex e s .  The o b s e r v e d  
s p e c t r a l  c h an g e s  I n  a l l  t h e  r e a c t i o n s  were  shown t o  c o r r e s ­
pond t o  t h e  r e l e a s e  o f  one mole o f  h a l i d e  i o n  p e r  mole o f  
complex  by s i l v e r  n i t r a t e  t i t r a t i o n  on t h e  a c i d i f i e d  p r o ­
d u c t - c o n t a i n i n g  s o l u t i o n s .  The s p e c t r a  o f  t h e  p r o d u c t s  
o b t a i n e d  f rom  t h e  bromo com plexes  were  fo u n d  t o  be  s i m i l a r  
t o  t h o s e  o b t a i n e d  f rom  t h e  c o r r e s p o n d i n g  c h l o r o  c o m p le x e s .
The above  e v id e n c e  i s  c o n s i s t e n t  w i t h  t h e  o c c u r r e n c e  o f  
b a s e  h y d r o l y s i s .  At h i g h  pH ( > 1 2 )  t h e  com plexes  e x i s t  a l m o s t  
c o m p l e t e l y  i n  t h e i r  c o n j u g a t e  b a s e  f o r m s ,  t r a n s - [ C o ( e n ) 2 *
( 0 2 C-CH(R)-NH2 )X ] t  The k i n e t i c s  o f  b a s e  h y d r o l y s i s  o f  t h e s e  
s p e c i e s  ( e q n .  18) were i n v e s t i g a t e d  s p e . c t r o p h o t o m e t r i c a l l y  
u n d e r  pseudo f i r s t  o r d e r  c o n d i t i o n s  ( [  OH""]/ [complex]  =30-120)
t r a n s -  [ C o ( e n ) 2 ( - 0 2C-CH(R)-NH2 )X ] + + OH
t r a n s -  [ C o ( e n ) 2 ( _0 2C-CH(R)-NH )OH ] + + X
by m o n i t o r i n g  t h e  a b s o r b a n c e  i n c r e a s e s  a t  512nm, o f  s o l u ­
t i o n s  o f  t h e  com plexes  i n  0 .01  -  0.04M NaOH. A i l  s o l u t i o n s  
were  a d j u s t e d  t o  an  i o n i c  s t r e n g t h  o f  1M u s i n g  NaClO^ a s  
t h e  s u p p o r t i n g  e l e c t r o l y t e .  P l o t s  o f  logCA^ -A^.) v e r s u s  
t im e  were  l i n e a r  f o r  t h r e e  h a l f - l i v e s .  V a lu e s  o f  k ^ g /  [0H~] 
were  fo u n d  t o  be  s e n s i b l y  c o n s t a n t  i n  t h i s  pH r a n g e .  •
V a lu e s  o f  a s  a  f u n c t i o n ,  o f  [OH"*] , a t  v a r i o u s
t e m p e r a t u r e s  a r e  summarised  i n  T a b le  5 .  The a c t i v a t i o n
p a r a m e t e r s  ^ H298 2 an(i ^ S298 2 a r e  T a b l e b ,
3 —1and an  A r r h e n i u s  p l o t  ( l n k ^  v e r s u s  1.0 T. ) i s  shown i n
F i g u r e  1.  The e n t h a l p i e s  o f  a c t i v a t i o n  f o r  b a s e  h y d r o l y s i s
o f  com plexes  o f  t h e  t y p e  t r a n s -  [Co (en^Cc^G -CH CR j-N H ^4) X ]^+
f a l l  i n  t h e  r a n g e  g e n e r a l l y  o b s e r v e d  f o r  t r a n s - [ C o ( e n ) 2AX ] n+
c o m p lex e s ,  w h i l e  t h e  AS v a l u e s  a r e  l a r g e  and p o s i t i v e
25a s  i s  n o rm a l  f o r  t h i s  t y p e  o f  r e a c t i o n .
>
. . . .  (18 )
T a b l e  5. R a te  d a t a  f o r  b a s e  h y d r o l y s i s  o f
a t  v a r i o u s  t e m p e r a t u r e s  and a t  i o n i c  s t r e n g t h  o f  1M.
( a )  t r a n s -  [ C o ( e n ) 2 (~ 0 2C-CH2-NH2 )Cl]  +
T/K 103 [ 0 H " ]  1 0 \ b s / s - 1 101k 2/M“ 1s “ 1
2 7 8 .6  3 6 .2  8 .96  2 .4 7
1 7 .0  4 .2 4  2 .4 9
7 . 4  1 .8 0  2 .4 3
2 8 8 . 4  3 6 .2  4 0 .0  11 .0
17 .0  1 7 . 8  1 0 .5
7 . 4  8 .6 3  1 1 .7
2 9 8 .5  3 6 .2  150 41 .4
17 . 0  6 8 . 2  40.1
7 . 4  2 8 .5  3 8 .5
(b )  t r a n s -  [ C o ( e n ) 2 ( " 0 2C-CH2- N H ) B r ] +
T/K 103 [OH"] 1° 3ko b s / s " 1 101k 2/M~1s “ 1
2 7 3 . 8  3 6 .2  1 7 .0  4 .7 0
17 .0  7 .6 4  4 .5 0
8 .3 3  3 . 7 8  4 . 5 4
2 8 3 .3  3 5 . 4  7 7 .2  2 1 . 8
1 7 .0  3 7 .0  2 1 . 8
7 . 4  1 5 .7  2 1 .2
2 9 3 .0  16 .3  129 7 9 .1
6 . 8  5 3 .6  7 8 . 8
. . . .  ( c o n t i n u e d )
T a b le  5 ( c o n t i n u e d ) .
( c )  t r a n s - [ C o ( e n ) 2 ( " 0 2C-CH(CH3 )-NH2 ) C l ]  +
T/K 103 [ 0 H ~ ]  105kobg/ s -1 101k 2/M- 1 s " 1
2 7 9 .0  3 7 .5  6 .2 6  1 .6 7
1 8 .0  3 .0 2  1 . 6 8
8 .3 0  1 .40  1 .6 9
288.1  3 7 .5  , 2 4 .6  6 . 5 6
1 8 .0  1 1 .4  6 .3 3
8 .3 0  5 .3 4  6 .4 3
298 .1  3 7 .5  9 2 .6  2 4 . 7
1 8 .0  4 7 .5  2 6 . 4
8 .3 0  2 1 .9  2 6 .4
(d )  t r a n s - [ C o ( e n ) 2 ( “0 2C-CH(CH3 ) - K H > B r]  +
T/K 103 [ 0 H ~ ]  103k , s / s - 1  101k 2/M_1s - 1
2 7 9 .6  3 7 .5  3 6 .6  9 .7 6
1 8 .0  1 7 .4  9 . 6 7
8 .3 0  7 .7 7  9 .3 6
288.1  3 7 .5  116 3 0 . 9
1 8 .0  5 8 .3  3 2 . 4
8 .3 0  2 6 .3  3 1 . 7
2 9 7 .3  > 3 7 .5  427 114
1 8 .0  211 117
8 . 30  9 2 . 4  111
( c o n t i n u e d )
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T a b l e  5 ( c o n t i n u e d )
( e )  t r a n s - [ C o ( e n ) 2 ( " 0 2C-CH(C2H )-NH2 )CX] +
T/K 103 [OH- ] 10 \ b s / s - 1 101k 2/M- 1 s _1
2 7 9 . 5  3 7 .5  7 .61  2 .2 5
18 .0  3 .9 7  2 .21
8 .3 0  1 .8 5  2 .2 3
2 8 8 .5  3 7 .5  2 7 .2  7 .2 5
1 8 .0  1 2 .7  7 .0 6
8 .3 0  5 .8 0  6 .9 9
297 .1  3 5 .2  90 .5  2 5 . 7
16 .2  4 1 .2  2 5 .4
6 .6 6  1 6 .7  25 .1
( f )  t r a n s -  [ C o ( e n ) 2 ("o2C-CH(c2H )-NH2 ) B r ] +
T/K 103 [OH- ] 103k  . s / s _1 101k 2/M_1s _1
280 .1  3 7 .5  3 8 .6  1 0 .3
1 8 .0  1 8 .0  1 0 .0
8 .3 0  8 .3 0  1 0 .0
2 8 8 .5  3 5 .2  136 3 8 . 6
1 8 .0  6 6 .4  3 6 . 9
8 .3 0  2 9 . 8  3 5 . 9
2 9 6 .6  3 7 .5  367 9 7 .9
1 6 .2  164 101
6 .6 6  6 8 .6  103
T a b l e  6 .  Second o r d e r  r a t e  c o n s t a n t s  and a c t i v a t i o n
p a r a m e t e r s  f o r  b a s e  h y d r o l y s i s  o f  t h e  com plexes  
t r a n s -  r C o ( e n ) 2 ( " o^C-CHCr ) - ^ )X ] + a t  2 9 8 . 2°K 
and i o n i c  s t r e n g t h  1 .OM.
R X k 2/M- 1 s _1 a H*/kJn:oX-1 AS*/JK- 1 mol
-H Gl“ 3 .9 4  9 4 .5  84
Br" 16 .3  9 6 .2  101
-CII5 Cl" 2 .6 2  9 6 .6  87
Br"  1 2 .7  9 4 .6  . 93
~C2H5 Cl" 2 .8 2  9 2 . 9  76
Br“ 1 2 .9  94.1 92
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F igure 1
Arrhenius Plot for the Base Hydrolysis of 
trans-[Co(en)2 ("02C-CH(CH)-NH^)Br](Cl04 )2 .
1.0
3 . 4 3.5
( c )  S t e r i c  C o u r s e .
21Tobe h a s  r e c e n t l y  i n v e s t i g a t e d  t h e  s t e r i c  c o u r s e  
o f  h y d r o l y s i s  o f  t h e  a c e t a t o  complex t r a n s -  [ C o ( e n ^ ( C H ^ -  
C02"")C1 ] + and a  s p e c t r o p h o t o m e t r i c  a n a l y s i s  o f  t h e  
p r o d u c t s  o f  b a s e  h y d r o l y s i s  a f t e r  a c i d i f i c a t i o n  i n d i c a t e d  
t h e  p r e s e n c e  o f  a  m i x t u r e  c o n t a i n i n g  60% t r a n s -  and  20% 
c i s -  [ Co(.en)2 (CH2-C 02~)H20 ] The p r o d u c t s  o f  b a s e  hydro  
l y s i s  o f  t h e  t r a n s -  [ C o ( e n ) 2 ( 0 2C-CH(R)-NH2+ )X] com­
p l e x e s  have  b e en  examined i n  a  s i m i l a r  m anner .  U s in g  t h e  
s p e c t r a  o f  v a r i o u s  m i x t u r e s  o f  t h e  i s o m e r s  c i s -  and  t r a n s -  
[ .C o (en )2-( 0 2C-CH(R) -NH^+ )H20 ] f o r  c o m p a r i s o n  b a s e  
h y d r o l y s i s  o f  t h e  d l - a l a n i n e  (R=-CH^) and t h e  a l - a m i n o b u ­
t y r i c  a c i d  (R=-C2H^) com plexes  i n  O.TM NaOH were  fo u n d  to  
g i v e  a f t e r  a c i d i f i c a t i o n  s o l u t i o n s  c o n t a i n i n g  65+5% t r a n s -  
and 35+5% c i s -  [ C o ( e n ) 2 (~ 02C-CH(R)-NH^+)H20 ]  S i m i l a r  
t r e a t m e n t  o f  t h e  g l y c i n e  com plexes  however  gave  n o t  o n l y  
t h e  c i s - a n d  t r a n s - [ Co ( e n ) 2 ( O ^ -C H ^ N H ^  )H20 ] i s o m e r s
i n  s o l u t i o n  b u t  a l s o  t h e  N-bonded amino a c i d  complex
3+[ C o ( e n ) 2 (NH2-CH2-C 02H)H20 ] . I n t e r e s t i n g l y  when a  c o n c e n
t r a t e d  s o l u t i o n  o f  b a s e  h y d r o l y s i s  p r o d u c t s  o f  t r a n s -
[ C o ( e n ) 2 ( 0 2C-CH2-NH2 )C1 ] + was a c i d i f i e d  w i t h  c o n c .
HCl some c i s - [ C o ( e n ) 2 (NH2 -CH2-C02H )C l]  2+ , p r e s u m a b l y
an  a n a t i o n  p r o d u c t  o f  t h e  complex c i s -  [ C o ( e n ) 2 *
3+(RH2~CH2-C02H)H20 ] was i s o l a t e d  from s o l u t i o n .  Back
t i t r a t i o n  o f  a  s o l u t i o n  o f  t r a n s -  [ C o ( e n ) 2 ( C^C-CI^-NH^ ) 
2+Cl ] i n  O.TM NaOH i n d i c a t e d  t h a t  t h e  m a jo r  p r o d u c t s  
o f  b a s e  h y d r o l y s i s  a r e  c i s -  and t r a n s -  [C o C e n ^ C  
NHg^H ] + , b o th  o f  which consume a c i d  i n  t h e  pH r e g i o n s
9 and 6 due to  p r o t o n a t i o n  o f  t h e  b a s i c  -NH2 g rou p  and
t h e  h y d ro x y  l i g a n d  r e s p e c t i v e l y .  An i n f l e x i o n  i s  o b s e r v e d
i n  t h e  t i t r a t i o n  c u rv e  be low pH5 and f u r t h e r  c o n su m p t io n
o f  a c i d  be low pH3 i s  due t o  p r o t o n a t i o n  o f  t h e  c a r b o x y -
l a t e  g ro u p  i n  t h e  N-bonded amino a c i d  complex [ C o ( e n ) 2 *
_ 2+
(NH2-CH2 -C02 )H20]  . The t i t r a t i o n  r e s u l t s  i n d i c a t e
t h a t  t h e  complex [ C o ( e n ) 2 (NH2-CH2-C02~)0H ] + c o n s t i t u t e s  
l e s s  t h a n  10% o f  t h e  b a se  h y d r o l y s i s  p r o d u c t  m i x t u r e .
The d a t a  i s  i n c o n s i s t e n t  w i t h  t h e  p r e s e n c e  o f  any  c h e l a t e d
■ —  2 +  g l y c i n a t e  complex [ Co ( e n ) 2 (~02C-CH2~NH2 ) ] among
t h e  r e a c t i o n  p r o d u c t s .  The f o r m a t i o n  o f  t h e  N-bonded 
g l y c i n a t e  complex i n  b a s i c  s o l u t i o n  i s  n o t  s u r p r i s i n g  
i n  v iew  o f  t h e  l i k e l i h o o d  o f  the-NH2 g ro u p  c o m p e t in g  w i t h  
H20 f o r  t h e  v a c a n t  c o o r d i n a t i o n  s i t e  o f  t h e  f i v e - c o o r d i ­
n a t e  C o ( I I I )  i n t e r m e d i a t e  i n  b a s e  h y d r o l y s i s .
I n  a l l  c a s e s  s i m i l a r  p r o d u c t  m i x t u r e s  were o b t a i n e d  
f rom  t h e  c h l o r o  and bromo r e a c t a n t  com plexes  i n  a g re e m e n t  
w i t h  t h e  g e n e r a l l y  a c c e p t e d  v iew  t h a t  t h e  s t e r i c  c o u r s e
o f  b a s e  h y d r o l y s i s  o f  C o ( I I I )  com plexes  i s  i n d e p e n d e n t
26o f  t h e  n a t u r e  o f  t h e  l e a v i n g  g r o u p .  B ase  h y d r o l y s i s  o f  
t h e  bromo co m plexes  p roceeds  some 4 - 5  t i m e s  f a s t e r  t h a n  
t h e  c o r r e s p o n d i n g  c h l o r o  c o m p le x e s .  I n  a d d i t i o n  a m in o a c id  
r e p l a c e m e n t  r e a c t i o n s  f rom  t h e  com plexes  t r a n s -  CCo(en)2 *
( 0 2C-CH(R)-NH^+ )X ] 2+ were n o t  o b s e r v e d  i n  any  c a s e .
27T h i s  i s  i n  a g re e m e n t  w i t h  t h e  g e n e r a l l y  o b s e r v e d  o r d e r  
o f  l a b i l i t y  o f  l i g a n d s  i n  C o ( l I I )  com plexes  v i z .
B r " >  Cl~ >  R-C02~ ( m o n o d e n t a t e ) .
I n  s o l u t i o n  o f  pH 6 .5  t h e  com plexes  u n d e r  i n v e s ­
t i g a t i o n  e x i s t  a lm o s t  c o m p l e t e l y  i n  t h e i r  c o n j u g a t e  a c i d  
f o r m s ,  t r a n s - [ C o ( e n ) 2 ( 02C-CH(R)-NH^+ )X] 2+ At 2 9 8 . 2°K 
1 = 1 .OM (NaClO^) , b a s e  h y d r o l y s i s  o f  t h e s e  s p e c i e s  ( i n v e s ­
t i g a t e d  s p e c t r o p h o t o m e t r i c a l l y  u s i n g  Hepes ( N - 2 - h y d r o x y -  
e t h y l p i p e r a z i n e - N * - 2 - e t h a n e  s u l p h o n i c  a c i d )  b u f f e r  a r e  
b e tw ee n  40 (X-Br , R=-H ), and 70 (X=Cl” ,R=-CH^) t i m e s  more 
r a p i d  t h a n  t h e i r  c o r r e s p o n d i n g  c o n j u g a t e  bases* t r a n s -  
[ C o ( e n ) 2 ( 0 2C-CH(R)-NH2 )X ] t  The en h anced  r e a c t i v i t y  
o f  t h e  d i p o s i t i v e l y  c h a r g e d  s p e c i e s  i s  p r o b a b l y  due to  
t h e  amine l i g a n d s  i n  t h e s e  com plexes  b e i n g  more a c i d i c  
t h a n  t h o s e  i n  t h e  u n i p o s i t i v e l y  c h a r g e d  c o m p le x e s .  Con­
s e q u e n t l y  amido c o n j u g a t e  b a s e  f o r m a t i o n ,  a s  r e q u i r e d  
i n  an  S^ICB mechans im, i s  more g r e a t l y  f a c i l i t a t e d  i n  
t h e  f o r m e r  c a s e .  On t h e  o t h e r  hand  t h e  amido c o n j u g a t e  
b a s e  [C o (en )  ( e n - H ) ( ”02C-CH(R)-NH^+ )X ] + s h o u l d  be  l e s s  
l a b i l e  w i t h  r e s p e c t  to  l o s s  o f  X~ t h a n  [ C o ( e n ) ( e n - H ) - 
(~0 2 C~CH(R)“NH2 )X] , so t h a t  s h o u ld  be s m a l l e r  i n
t h e  f o r m e r  com plex .  The o b s e r v e d  r a t e  d a t a  p o i n t  t o  t h e  
f a c t  t h a t  o f  t h e s e  two o p p o s i n g  e f f e c t s  t h e  one  i n v o l v i n g  
t h e  a c i d i t y  o f  t h e  amine l i g a n d  i s  t h e  do m in a n t  o n e .
(d) Hg(II)-Promoted Aquation.
I n  n i t r i c  a c i d  s o l u t i o n s  c o n t a i n i n g  H g ( I l )  t h e  
complexes  t r a n s -  [ C o ( e n ) 0 ( 0 oC-CH(R)-NH„+ )X ] 2+ und e rgo  
H g ( I l ) - p r o m o t e d  a q u a t i o n .  The s p e c t r a l  c h a n g e s  a s s o c i a t e d  
w i t h  t h e s e  r e a c t i o n s  i n v o l v e  t h e  r e p l a c e m e n t  o f  t h e  l o w e r  
and medium e n e r g y  d - d  hand s  by a  new band o f  g r e a t e r  
i n t e n s i t y  a t  498nm, t h e  d i s a p p e a r a n c e  o f  t h e  c h a r g e  t r a n s ­
f e r  band i n  t h e  n e a r  u l t r a v i o l e t  s p e c t r a  o f  t h e  bromo 
complexes  and w e l l  d e f i n e d  i s o s b e s t i c  p o i n t s  a t  5 5 8 ,4 3 3 ,  
382 and 337nm i n  r e a c t i o n s  o f  t h e  c h l o r o  com plexes  and 
a t  561 and 434nm i n  r e a c t i o n s  o f  t h e  bromo c o m p lex es  
F i g u r e s  (2 & 3 ) •
The k i n e t i c s  o f  t h e s e  r e a c t i o n s  were i n v e s t i g a t e d  by 
m o n i t o r i n g  t h e  a b s o r b a n c e  ch an g e s  a t  498nm. A l l  r e a c t i o n s  
were s t u d i e d  a t  a  c o n s t a n t  i o n i c  s t r e n g t h  o f  1 .7M, a d j u s t ­
ment to  t h i s  v a l u e  when n e c e s s a r y  b e i n g  p e r f o r m e d  by t h e  
a d d i t i o n  o f  an  a p p r o p r i a t e  amount o f  NaNO^. H g ( l l )  c o n ­
c e n t r a t i o n s  i n  a l l  c a s e s  were  v a s t l y  g r e a t e r  t h a n  complex  
c o n c e n t r a t i o n s .  V a l u e s  o f .■ k Q.  ^ ( =k^ [ H g ( I l ) ]  ) a s  a  
f u n c t i o n  o f  H g ( l l )  c o n c e n t r a t i o n s  a t  d i f f e r e n t  t e m p e r a ­
t u r e s  a r e  sum m arised  i n  T a b le  7 .  A c t i v a t i o n  p a r a m e t e r s
iff 4*
^ ^ 2 9 8  2 9 ^ 2 9 8  2 ^o r  comP^e x e s  a r e  p r e s e n t e d
i n  T a b le  8 .  The v a l u e s  o b t a i n e d  f o r  AH* compare
f a v o u r a b l y  w i t h  t h o s e  r e p o r t e d  f o r  o t h e r  C o (e n ^ A X  s y s te m s ,  
27
The g r e a t e r  r e a c t i v i t y  o f  t h e  bromo com p lex es  i s  due
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T a b l e  7 .  R a te  d a t a  f o r  t h e  H g ( I I ) - p r o m o t e d  a q u a t i o n  o f
t r a n s -  C C o(en ) 2 (~02C-CH(R)-HH-,* )X ]  2+ com plexes  
a t  v a r i o u s  t e m p e r a t u r e s  i n  0.5M HNQ^ s o l u t i o n s  
and a t  i o n i c  s t r e n g t h  o f  1.7M.
( a )  t r a n s - [ C o ( e n ) 2 ( - 0 2C-CH2 -KH, + )C l  ]
T/ K 101 [ H g ( l l )  ] /M 105kQt|s/ s _1 103k 2/M- 1 s 1
279 .1  3 . 9  1 .9 0  4 .8 7
1 .9 5  0 . 9 9  5 . 0 8
0 . 9 8  0 . 4 9  5 .0 0
2 8 7 .7  3 . 9  6 .0 3  15 .5
1 .95  3 .0 3  1 5 .5
0 . 9 8  1 .3 9  14 .2
2 9 7 .5  3 . 9  2 0 . 4  5 2 .3
1 .95  10 .5  5 3 . 8
0 . 9 8  5 .0 2  5 1 .2
3 0 7 . 9  3 . 9  56.1 144
1 .95  2 6 .7  137
0 . 9 8  1 3 .9  142
( b )  t r a n s -  C C o (e n )2 ( “0 2C-CH2 -KH5+ ) B r ]  2+
T/K 101 [ H g ( l l )  ] /M  102k o b s / s " 1 1 0 1k 2/M "1s " 1
2 7 3 . 8  3 .7 0  3 4 .6  9 .3 5
1 .80  1 7 .0  9 . 4 4
0 . 9 3  8 . 6 8  9 .3 3
2 7 8 .4  0 . 9 4  1 4 .9  1 5 .9
0 . 4 7  7 .9 4  1 6 .9
2 8 3 .3  0 . 4 6  1 3 .4  29.1
0 . 2 3  6 .6 9  29.1
• • • •  c o n t i n u e d
T a b le  7 ( c o n t i n u e d )
(c )  t r a n s -  [ C o ( e n ) 2 (~02C-CH(CH3 )-NH5+ )Cl  ] 2+
T/K 101 [ H g ( l l ) ] /M 104k o b s / s “ 1 103k 2/M "1s “ 1
2 7 7 .9  4 .0
2 . 0  
1 .0
2 88 .0  4 .8 4
2 .1 3  
1 .06
2 9 7 . 8  2 .13
1 .5 9  
1 .06
3 0 8 .5  2 .1 3
1 .5 9  
1 .06
(d )  t r a n s -  [ C o ( e n ) 2 (~02C-CH(CH5 )-NH5+ )B r  ] 2+ '
T/K 101 [ H g ( l l ) ] /M 102ko b s / s “ 1 10 1k 2/M~1s ~ 1
274.1 1 .90 1 3 .4 7 .0 5
0 .9 5 6 .6 0 6 .9 5
0 . 4 8 3 .3 6 7 .0 0
2 7 9 .6 0 . 9 5 . 1 3 .5 14 .2
0 . 4 8 6 .5 7 1 3 .7
0 . 2 4 3 .1 2 1 3 .0
285.1 0 . 9 5 24 .2 2 5 .5
0 . 4 8 12 .5 2 6 .0
0 . 2 4 6 .43 2 6 . 8
12 . 1
6.02
2 . 9 8
6 2 .4
27 .3  
13.1
6 5 .3
5 0 .3
3 5 .4
256
193
125
3 .0 3
3.01
2 . 9 8
1 2 .9
1 2 . 8
1 2 .4
3 0 .7  
31.6
3 3 . 4
120
122
118
. . . .  c o n t i n u e d
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T a b le  7 ( c o n t i n u e d )
( e )  t r a n s - [ C o ( e n ) 2 ( " 0 2C-CH(C2H5 )-NH + )C l ]  2+
T/K 101 [ H g ( X I )  ] / M  103k otis/ s “ 1 105k 2/M- 1 s -1
2 8 7 .2  4 .0  4 .4 6  1 1 .2
2 . 0  2 .1 6  1 0 .8
1 .0  1.11 11.1
0 . 5  0 . 5 6  1 1 .3
298 .1  2 .0  9 .1 2  4 5 .6
1 .0  4 .6 3  4 6 .3
0 . 5  2 . 3 4  4 6 . 8
0 . 2 5  1 .1 9  4 7 .6
3 0 9 .2  2 . 0  31 .9  160
1 .0  16.1 161'
0 . 5  7 . 8 9  158
0 . 2 5  4 . 1 8  167
3 1 8 . 8  2 .0  7 2 . 8  364
1 .0  3 6 . 7  . 367
0 . 5  1 8 .3  366
0 . 2 5  9 . 1 9  368
( f )  t r a n s - [  C o ( e n ) 2 ( " 0 2C-CH(C2H5 )-NH + )B r  ] 2+
T/K 101 [ H g ( l l )  ] / M  102k o b s / s " 1 101k ?/M-1 -1s
2 7 3 .7  2 .0  1 5 .0  7 . 5 0
1 .0  7 .7 9  7 .7 9
0 . 5  3 .8 0  7 .6 0
0 . 2 5  1 .9 0  7 .6 0
27 8 . 0  1 . 0  1 2 . 8  1 2 . 8
0 . 5  6 .5 5  13.1
0 . 2 5  3 .2 2  1 2 .9
2 8 2 .7  1 .0  22 .5  2 2 .5
0 . 5  1 1 .4  2 2 . 8
0 .2 5  5 .6 5  2 2 .6
0 .1 3  2 .8 6  2 2 .0
4* “ 1to  AH v a l u e s  b e i n g  lo w e r  by a b o u t  6 -  8k-<Jmol and
*  - 1 - 1AS b e i n g  l a r g e r  by 26 -  30JK mol r e l a t i v e  to  t h e
c o r r e s p o n d i n g  c h l o r o  c o m p lex es .
T ab le  8 .  Second o r d e r  r a t e  c o n s t a n t s  and a c t i v a t i o n  
p a r a m e t e r s  f o r  t h e  H g ( I I ) - p r o m o t e d  a q u a t i o n  
o f  t r a n s - [ C o (e n ) 2 (~Q2C-CH(R)-NH + ) X  1 
com plexes  a t  2 9 8 . 2°K and i o n i c  s t r e n g t h  1 .7M.
R X k 2/M- 1 s -1 A H */kJm ol_1 A  S * /JK - 1 mol-1
-H Cl" 0 .051  8 0 .9
Br"  1 4 .9  7 4 . 8
0 . 0 3 7  81 .5  0 . 9 6
11.1 7 5 .4  28
-C2H5 Cl" 0 .0 4 4  82 .2
Br"  1 2 .3  7 4 .6
The bromo com plexes  undergo  Hg(II)-promoted a q u a t i o n
some 250 -  300 t i m e s  f a s t e r  t h a n  t h e  c o r r e s p o n d i n g  c h l o r o
complexes  a t  2 9 8 . 2°K. R a te  r a t i o s  o f  c o m p a rab le  m a g n i tu d e
a r e  r e p o r t e d  f o r  a  r a n g e  o f  o t h e r  C o ( I I I ) - h a l o a m i n e  
27s y s te m s .
Am 8
35
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The p r o d u c t s  o f  t h e  H g ( l l )  -p ro m o te d  a q u a t i o n  r e a c ­
t i o n s  were  examined s p e c t r o s c o p i c a l l y  a s  b e f o r e  and fou n d  
to  be a  m ix t u r e  o f  8 5 + 5 %  c i s -  and 15+5% t r a n s -  [ C o ( e n ) 2 '
( 0 2C-GH(R)-NH5 h)H20 ] T i t r a t i o n  o f  t h e  r e a c t i o n  s o l u ­
t i o n s  w i th  Hepes b u f f e r  ( p r e v e n t s  p r e c i p i t a t i o n )  i n d i c a t e d  
t h a t  N-bonded amino a c i d s  were c o m p l e t e l y  a b s e n t  f rom
t h e  r e a c t i o n  p r o d u c t  m i x t u r e s .
21 +Tobe h a s  i n v e s t i g a t e d  t h e  H g ( l l )  and HgCl p r o ­
moted a q u a t i o n  o f  t h e  a c e t a t o  complex t r a n s - [ C o ( e n ) 2
(CH^~C02 ) C l ]  + and h a s  r e p o r t e d  a  second  o r d e r  r a t e
-1  -1c o n s t a n t  f o r  t h e  o v e r a l l  c a t a l y t i c  p r o c e s s  o f  0.4M s 
a t  3 1 2 .2 °K .  The r e a c t i v i t i e s  Of t h e  com plexes  t r a n s ­
it Co ( en )  2 (""C^C-C^-NH^*) Cl ] and t r a n s -  [ C o ( e n ) 2 
(CH^-C0 2 *- )C1 ] + were compared u n d e r  t h e  same c o n d i t i o n s  and 
i t  was fo u nd  t h a t  t h e  l a t t e r  complex i s  t h e  more r e a c ­
t i v e  by a  f a c t o r  o f  a b o u t  f i v e  a t  2 9 8 . 2°K. Tobe h a s  
s u g g e s t e d  t h a t  i n  s p o n ta n e o u s  a q u a t i o n  t h e  l a b i l i s i n g  
e f f e c t  o f  a  l i g a n d ,  which  d epend s  on  t h e  e x t e n t  o f  c h a r g e  
d o n a t i o n  t o  t h e  r e a c t i o n  c e n t r e ,  s h o u ld  d e c r e a s e  w i t h  
d e c r e a s i n g  b a s i c i t y .  A s i m i l a r  a rg u m en t  s h o u l d  a p p l y  t o  
H g ( l l ) - p r o m o t e d  a q u a t i o n s .  S in c e  g l y c i n e  (NH^-CH^CC^"*)
i s  much l e s s  b a s i c  t h a n  a c e t a t e  (CH^-CC^” ) ,  “ ^*5
o 28a t  298 .2  K, i t s  p o o r e r  l a b i l i s i n g  a b i l i t y  a g r e e s  w i t h  
t h e  p r e d i c t e d  b a s i c i t y / l a b i l i s i n g  power r e l a t i o n s h i p .
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CHAPTER III
L a b i l i s i n g  E f f e c t s  o f  A c e t a t e - s u b s t i t u t e d  Non­
p a r t i c i p a t i n g  L ig a n d s  i n  t h e  A q u a t io n  o f  C o b a l t ( i l l )  
Complexes -  S y n t h e s i s ,  C h a r a c t e r i s a t i o n  and K i n e t i c s  
o f  S p o n ta n e o u s ,  Base  and M e rc u ry ( I I ) - P r o m o t e d  H ydro ­
l y s i s  o f  t h e  Complexes t r a n s - [  Co( e n ) p (R-CHq-CQq~ ) Cl ]  
C l ° 4 , (R= -H, - C l ,  - B r ,  - I .  -CH. -N H , , / -N H ,* ) .
1. Introduction.
1 - 3I l l u m i n a t i  e t  a l  have  shown t h a t , u n l i k e  t h e  
complex i o n s  [Co (NH^)^(R-C0 2"") ] 2+ ^ r a t e s  o f  b a s e
. j ,
h y d r o l y s i s  o f  com plexes  i n  t h e  s e r i e s  [ C o (e r^ (R -C 0 2 ) 2] , 
(R = a lk y l )  do n p t  c o r r e l a t e  w i t h  t h e  a c i d  s t r e n g t h s  o f  
t h e  c o r r e s p o n d i n g  c a r b o x y l i c  a c i d s  i n  any  s i m p le  m anner .
I n  t h e  c o u r s e  o f  t h e i r  i n v e s t i g a t i o n s  i n t o  s u b s t i t u e n t  
e f f e c t s  on t h e  r a t e s  o f  b a s e  h y d r o l y s i s  o f  t h e  c i s - a n d  
t r a n s - d i c a r b o x y l a t o - b i s ( 1 , 2 - d i a m i n o e t h a n e ) c o b a l t ( i l l )  
co m p lex e s ,  t h e y  o b s e r v e d  i n  some i n s t a n c e s  a p p r e c i a b l e  
r a t e  c h an ges  r e s u l t i n g  f rom t h e  p r e s e n c e  o f  c e r t a i n  
s u b s t i t u e n t s  i n  t h e  c a r b o x y l a t e  l i g a n d s .  F o r  e x a m p le ,  
i n  t h e  b a s e  h y d r o l y s i s  o f  c i s - a n d  t r a n s -  [ C o ( e n ) 2 (R-C02 ) 2] 
complexes  t h e y  have  o b s e r v e d  t h a t  t h e  r a t e  c o n s t a n t  k 2 
depends  s e n s i t i v e l y  on  t h e  n a t u r e  o f  R. H ence ,  t h e  
t r a n s - b i s ( t r i c h l o r o a c e t a t o ) complex R=-CC1^, u n d e r g o e s  
b a s e  h y d r o l y s i s  some 200 t im e s  f a s t e r  t h a n  t h e  t r a n s -  
b i s - f o r m a t o  complex R=-H, and some 7 5 ,0 0 0  t i m e s  f a s t e r  
t h a n  t h e  complex R=-C(CH^)^* I n  t h e s e  r e a c t i o n s  t h e  
two c a r b o x y l a t o  l i g a n d s  i n  e ach  complex f u l f i l l  d i f f e r e n t  
r o l e s  and c o n s e q u e n t l y  a r e  l i k e l y  t o  a f f e c t  t h e  r a t e  
i n  d i f f e r e n t  ways .  One i s  t h e  l e a v i n g  g ro u p  and s u b s t i ­
t u e n t  e f f e c t s  on i t s  b a s i c i t y  would be e x p e c t e d  t o  have
a  c o n s i d e r a b l e  b e a r i n g  on t h e  v a l u e  o f  k 2 « H e n ce ,  t h e
-  2 +r a t e  o f  b a se  h y d r o l y s i s  o f  [ Co(NH^)^(R-C02 ) ]  d e c r e a s e  
3 8 - f o l d  a s  R i s  changed f rom -CCl^ to  -H. ~ The n o n ­
p a r t i c i p a t i n g  c a r b o x y l a t e  l i g a n d  on t h e  o t h e r  hand  h a s
an  i n d i r e c t  e f f e c t  on k g .  I n  an S^1CB mechanism ( C h . I I ,
( 1 b ) ) ,  i t  may i n f l u e n c e  t h e  a c i d i t y ,  K , o f  t h e  aminea
l i g a n d  u n d e r g o i n g  i o n i z a t i o n  a s  w e l l  a s  l a b i l i s i n g  o r  
d e l a b i l i z i n g ,  t h e  r e s u l t i n g  c o n j u g a t e  b a se  w i t h  r e s p e c t  
t o  l o s s  o f  t h e  l e a v i n g  g rou p  ( k ^ ) .  S in c e  t h e s e  two 
e f f e c t s  a c t  i n  o p p o s i t e  d i r e c t i o n s  i . e .  f a c t o r s  w hich  
e n h an c e  K ( e . g .  e l e c t r o n - w i t h d r a w a l ) , d e l a b i l i s e  t h e
a
c o n j u g a t e  b a se  and v i c e  v e r s a ,  t h e  o v e r a l l  i m p a c t  o f
t h e  t r a n s - l i g a n d  i s  l i k e l y  to  be s m a l l .  I t  t h e r e f o r e ,
seems r e a s o n a b l e  to  e x p e c t  a  g r e a t  s e n s i t i v i t y  o f  .kg t o
t h e  n a t u r e  o f  t h e  l e a v i n g  g ro u p  r a t h e r  t h a n  to  t h e  n a t u r e
o f  t h e  n o n r e a c t i n g  l i g a n d .
A t t e m p t s  to  s e p a r a t e  t h e  r o l e s  o f  c a r b o x y l a t e s  a s
l e a v i n g  g ro u p s  from t h e i r  r o l e s  a s  n o n r e a c t i n g  l i g a n d s
h ave  up u n t i l  now been  hampered  by t h e  d i f f i c u l t y  i n
7
p r e p a r i n g  s u i t a b l e  s u b s t r a t e s .  However,  Tobe e t  a l  
have  r e p o r t e d  t h e  p r e p a r a t i o n  o f  t h e  com plexes  
t r a n s - C  Co(en)g(CH^~COg )C1 ] CIO^ and t r a n s -  [C o(en )g«  
(C^H^-COg )C1] CIO^ by a c y l a t i o n  o f  c o o r d i n a t e d  h y d r o x i d e  
i n  t r a n s - [ Co(en)g(0H)C1 ] CIO^. I n  a  s t u d y  o f  t h e  k i n e t i c s  
and s t e r i c  c o u r s e  o f  a q u a t i o n  r e a c t i o n s  t h e y  h a v e  fou n d  
t h a t  b e n z o a t e  which i s  s l i g h t l y  l e s s  b a s i c  t h a n  a c e t a t e  
( . 5 2 ) ,  h a s  a l s o  a  w eak e r  l a b i l i s i n g  e f f e c t
( 2 . 5 - f o l d  i n  s p o n ta n e o u s  a q u a t i o n  a t  25°C)-.
W hile  i n v e s t i g a t i n g  t h e  r e a c t i o n s  be tw ee n  t r a n s -  
[ C o ( e n ) 2C l 2 ] + and amino a c i d s  i t  h a s  b e en  fo u n d  t h a t  
u n d e r  w eak ly  a l k a l i n e  c o n d i t i o n s  n u c l e o p h i l i c  d i s p l a c e ­
ment o f  C l ” by c a r b o x y l a t e  may o c c u r  to  g i v e  p r o d u c t s  
o f  t h e  t y p e  t r a n s -  [ C o ( e n ) 2 ( 0 2C-(CH(R))n -NH*)Cl]  ^+ , 
(R=-H,n=1 -  3 , 5 ;  R = - a l k y l , n = 1 ) ,  i n  which  t h e  amino a c i d s  
a r e  O-bonded to  t h e  m e t a l  i o n  ( C h . I , I I ) .  I t  was a l s o  
e s t a b l i s h e d  t h a t  a; s i m i l a r  r e a c t i o n  o c c u r s  w i t h  a c e t a t e  
and s u b s t i t u t e d  a c e t a t e s ,  p r o v i d e d  t h e  n u c l e o p h i l i c i t y  
o f  t h e  c a r b o x y l a t e  g ro u p  i s  n o t  l o w e re d  e x c e s s i v e l y .
Hence w h e r e a s ,  c h l o r o -  ,b ro m o - ,  i o d o - ,  and c y a n o -  a c e t a t e  
a l l  r e a c t  r e a d i l y  w i th  t h e  s t a r t i n g  m a t e r i a l ,  a s  does 
g l y c i n e ,  t r i c h l o r o a c e t a t e  does  n o t  r e a c t  a t  a l l .  I n  t h i s  
c h a p t e r  t h e  p r e p a r a t i o n  and s p e c t r o s c o p i c  c h a r a c t e r i s ­
t i c s  o f  t h e  com plexes  formed by t h e  above l i g a n d s  a r e  
d e s c r i b e d  a s  w e l l  a s  t h e  k i n e t i c s  o f  t h e i r  a q u a t i o n  
r e a c t i o n s .
2 .  E x p e r i m e n t a l .
( a )  P r e p a r a t i o n  o f  t h e  com plexes  t r a n s -  f C o ( e n ) 2 (R-CHp -  
CQ2” )C1 ] (C 10 4 ) , ( R = - C l . - B r . - I ) .
T r a n s -  [ C o ( e n ) 2C l 2 ] C l ,  (O.OImol)  and t h e  a p p r o ­
p r i a t e  a c i d  (C1-CH2-C02H, Br-CH2-C02H, I-CH2 “ C02H) , 
(O.OImol) were ground  t o g e t h e r  and made i n t o  a  p a s t e  by 
t h e  a d d i t i o n  o f  a s m a l l  q u a n t i t y  o f  w a t e r .  D i e t h y l a m i n e  
( c a .  0 . 013mol) was added d r o p w i s e . w i t h  c o n t i n u o u s  g r i n d i n g
t o  t h e  p a s t e  u n t i l  t h e  c o l o u r  changed f rom  g r e e n  to  
mauve.  The p a s t e  was t h e n  t r e a t e d  w i th  0.5M HCIO^ (20cm ) 
and u n r e a c t e d  t r a n s -  [ C o ^ n ^ C ^ ]  -C IO -re m o v e d  by 
f i l t r a t i o n .  O n - c o o l i n g  t h e  f i l t r a t e  i n  an  i c e - b a t h ,  
mauve n e e d l e s  o f  t h e  d e s i r e d  com plexes  c r y s t a l l i s e d  f rom  
s o l u t i o n .  These  were c o l l e c t e d  by s u c t i o n  f i l t r a t i o n ,  
washed w i th  m e t h a n o l ,  a  l i t t l e  e t h e r  and a i r  d r i e d .  
( Y i e l d s  60 -  80%).
( b ) P r e p a r a t i o n  o f  t r a n s -  [ Q o ( e n ) 2 ( CN-CH^..COq )C1 3 CIO •
A m ix t u r e  o f  t r a n s -  [ C o ^ n ^ C ^ ]  C l ,  (O.OImol)  and 
c y a n o a c e t i c a c i d  (O.OImol) was made i n t o  a  p a s t e  w i t h  
a  minimum amount  o f  w a t e r .  D i e th y l a m i n e  ( c a .O .0 1 3 m o l )  
was added d r o p w is e  w i th  c o n t i n u o u s  g r i n d i n g  t o  t h e  p a s t e  
u n t i l  t h e  c o l o u r  change  to  mauve was c o m p l e t e .  The 
m i x t u r e  v/as t r e a t e d  w i th  methanoX (30cra ) and u n r e a c t e d  
t r a n s -  C C o ^ n ^ C ^  1 Cl removed by f i l t r a t i o n .  The f i l -
■z
t r a t e  was t h e n  t r e a t e d  w i t h  60% p e r c h l o r i c  a c i d  (2cm ) 
and t h e  mauve o i l  o b t a i n e d  a f t e r  c o o l i n g  t h e  s o l u t i o n  
i n  an  i c e - b a t h  was t r i t u r a t e d  w i t h  a c e t o n e ,  f i l t e r e d  
o f f  and a i r  d r i e d  ( Y i e l d  43%).
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( c )  P r e p a r a t i o n  o f  t r a n s -  [ C o (e n )^(CH^.-CO^ ~)C l  ] C10^»
T r a n s -  [ C o ^ n ^ C ^ ]  Cl (O.OImol)  and sodium a c e ­
t a t e  (O.OImol) were  g round  t o g e t h e r  and made i n t o  a 
p a s t e  by t h e  a d d i t i o n  o f  a  s m a l l  q u a n t i t y  o f  w a t e r .  
D i e th y l a m i n e  ( c a .  0 .0 0 3 m o l)  was added  d ro p w ise  w i t h  
c o n t i n u o u s  g r i n d i n g  to  t h e  p a s t e  u n t i l  t h e  c o l o u r  changed  
from g r e e n  to  mauve.  The m ix t u r e  was t h e n  t r e a t e d  w i t h  
2M NaClO^ (20cm^) and u n r e a c t e d  t r a n s - [ C o ^ n ^ C ^  ] CIO^ 
was removed by f i l t r a t i o n .  On c o o l i n g  t h e  f i l t r a t e  i n  
an i c e - b a t h  mauve n e e d l e s  c r y s t a l l i s e d  f rom  s o l u t i o n .
These  were  f i l t e r e d ,  washed w i t h  methano.l ,  t h e n  a  l i t t l e  
e t h e r  and f i n a l l y  a i r  d r i e d  ( Y i e l d  62%). C,H,N m i c r o -  
a n a l y t i c a l  d a t a  f o r  t h e  com plexes  i s  p r e s e n t e d  i n  T a b l e  1 .
T a b le  1.  C,H,N m i c r o a n a l y s i s  f o r  t h e  com plexes
t r a n s -  f Co ( e n ) 2 (R-CH2- 0 0 ^ ) 0 1 ]  ClO^ n H ^ O .
-  -  Pound % -  -  -  C a l c u l a t e d  % -
R n  C H N C H N
■H . - . 1 9 .6 5.1 1 5 .0 19.3 5.1 1 5 .0
■Cl 17 .3 4 .6 13 .5 1 7 .8 4 . 6 13.1
•Br - 1 3 .9 4 .0 12 .4 1 5 .8 4 .0 1 2 .6
■I - 1 4 .4 3 .6 11 .2 14.5 3 . 6 1 0 .7
■CN i 1 9 .8 4 .3 16 .7 2 0 .2 4 . 8 1 6 . 8
3. Results and Discussion,
(a.) S t r u c t u r e s  o f  t h e  C o m p lex es*
S a l i e n t  f e a t u r e s  o f  t h e  e l e c t r o n i c  (300 -  700nm ),
i . r .  and n . m . r .  s p e c t r a  o f  t h e  complexes  a r e  g i v e n  i n
f a b l e  2 .  The v i s i b l e  and n e a r  u . v .  s p e c t r a  o f  t h e  com plexes
i n  aqu eo u s  s o l u t i o n  d i s p l a y  t h r e e  b a n d s  w i t h  X  a t  575 -max
579nm ( e =44 -  55dm3mol- 1 cm- 1 ) ,  444 -  447nm ( e =27 -  31dm3
— i  — 1 •Z — 1 — "1
mol cm ) and 364 -  368nm ( s  =57 -  65dm mol cm ) .  Of t h e
s p e c t r a l  d a t a  p r e s e n t e d  i n  T a b le  2 and a s  d i s c u s s e d  f o r
0~bonded amino a c i d  complexes  i n  C h a p te r  I , ( 4 a ) ( i i ) ,  t h i s
p r o v i d e s  t h e  s t r o n g e s t  a rgum en t  i n  f a v o u r  o f  t h e  com p lex es
h a v in g  t r a n s -  c o n f i g u r a t i o n s .
The i . r .  s p e c t r a  o f  t h e  com plexes  show C=0 s t r e t c h -
-1i n g  b a n ds  i n  t h e  r e g i o n  1610 -  1630cm c o n s i s t e n t  w i t h
10t h e  p r e s e n c e  o f  c o o r d i n a t e d  c a r b o x y l a t e  g r o u p s .  S i m i l a r
C=0 f r e q u e n c i e s  h av e  been  r e p o r t e d  f o r  o t h e r  c o b a l t ( l l l )
com plexes  w i t h  c a r b o x y l a t o  bonded amino a c i d  l i g a n d s
( C h . I , ( 4 a ) ( i ) ) .  Each  o f  t h e  com plexes  r e p o r t e d  h e r e  a l s o
—1shows a  s i n g l e  CH^ ( e n ) - r o c k i n g  band a ro u n d  890cm"* ,
which i s  a l s o  i n  a c c o r d a n c e  w i t h  a  t r a n s -  c o n f i g u r a t i o n
( C h . I , ( 4 a ) ( i ) ) .
1
The H n . m . r .  s p e c t r a  o f  t h e  com plexes  i n
show m o d e r a t e l y  s h a r p  N-CH^-CH^-N s i g n a l s  a s
would be e x p e c te d  f o r  t r a n s -  c o m p lex e s ,  w i t h  r a p i d  i n t e r -
11change  b e tw een  t h e  en r i n g  c o n f o r m e r s .  The R-CH^-CO^
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p r o t o n s  g i v e  r i s e  to  s h a r p  a b s o r p t i o n s  p o s i t i o n e d  
s l i g h t l y  u p f i e l d  ( c a ,  6 0 . 15p . p . m . )  from t h e  c o r r e s p o n d ­
i n g  p r o t o n s  i n  t h e  f r e e  a c i d s ,
(b )  B ase  H y d r o l y s i s  a t  2 9 8 . 2°K.
I n  w eak ly  a l k a l i n e  s o l u t i o n  t h e  com plexes  t r a n s -
[ C o ( e n ) 2 (H-CH^-CO^ )C l3  + u n d e rg o  b a se  h y d r o l y s i s  w i t h
Cl*" a s  t h e  l e a v i n g  g r o u p .  T h i s  was v e r i f i e d
12( i )  by  AgNO^ t i t r a t i o n  on p r o d u c t - c o n t a i n i n g  s o l u t i o n s  
which  had  b een  s t r i p p e d  o f  c o b a l t ( l l l )  com plexes  by  
p a s s a g e  t h r o u g h  a  c a t i o n  ex change  r e s i n  ( i f  t h e  p r o d u c t  
had  b e e n  [ C o ( e n ) 2 (0H)Cl]  + , a  p r e c i p i t a t e  would s l o w l y  
have  b e e n  o b t a i n e d  i f  t h i s  a f t e r  a c i d i f i c a t i o n  had  b e e n  
t r e a t e d  with.AgNO^ s o l u t i o n  ~Ag+ e n h a n c e s  t h e  r em o v a l
o f  CI~ f rom  c h l o r o  com plexes)
( i i )  by v i r t u e  o f  t h e  f a c t  t h a t  t r a n s - C  C o ( e n ) 2 (CH^-C02’") 
B r  ] + ( p r e p a r e d  by a  s i m i l a r  method to  t h a t  u s e d  f o r
t h e  c h l o r o  com plex ,  b u t  u s i n g  t r a n s -  [ C o ( e n ) 2B r 2 ] B r  a s  
s t a r t i n g  m a t e r i a l ) , g i v e s  an  i d e n t i c a l  p r o d u c t  a s  i t s  
c h l o r o  a n a l o g u e .  The v i s i b l e  and n e a r  u . v .  s p e c t r a l  
c h a n g e s  a s s o c i a t e d  w i t h  t h i s  r e a c t i o n  i n v o l v e  t h e  r e p l a c e ­
ment o f  t h e  l o n g  and medium w a v e le n g th  ban d s  o f  t h e  
r e a c t i n g  complexes  by a  new more i n t e n s e  a b s o r p t i o n  w i t h  
^ max a t  520nm ( F i g u r e s  2 & 3 , p . p . 93 & 94)* I n  a l l  r e a c ­
t i o n s  w e l l  d e f i n e d  i s o s b e s t i c  p o i n t s  were o b s e r v e d  i n d i ­
c a t i v e  o f  s i n g l e  s t a g e  p r o c e s s e s .  These  o c c u r  a t  555 ,
4 4 1 , 4 2 0 ,336nm (R=-H);  5 6 1 , 4 3 8 , 4 2 3 ,338nm ( R = - C l ) ;
5 6 0 ,44.4. , 4 2 4 , 339nm ( R = - B r ) ; 5 6 0 ,4 4 6 ,4 2 4 ,3 4 8 m n  (R = - I )  
and 5 6 4 , 4 4 5 , 4 1 6 , 337nm (R=-CN). The k i n e t i c s  o f  b a se  
h y d r o l y s i s  o f  each  complex were i n v e s t i g a t e d  a t  2 9 8 . 2°K 
by m o n i t o r i n g  t h e  a b s o r b a n c e  i n c r e a s e  a t  515nm. Each 
r e a c t i o n  was i n v e s t i g a t e d  u n d e r  pseudo f i r s t  o r d e r  
c o n d i t i o n s  u s i n g  0.05M Na^HPO^/NaOH b u f f e r s . ^  I n  a l l  
c a s e s  c o n s t a n t  i o n i c  s t r e n g t h  was m a i n t a i n e d  a t  1 .OM 
u s i n g  NaClO^ a s  t h e  s u p p o r t i n g  e l e c t r o l y t e .  I n  one 
i n s t a n c e  ( R = - l )  t h e  s p e c t r o p h o t o m e t r i c  r a t e  d a t a  was 
c r o s s  checked  by d a t a  o b t a i n e d  by t h e  p H - s t a t  t e c h n i q u e  
I d e n t i c a l  r e s u l t s  were o b t a i n e d  i n d i c a t i n g  t h a t  b u f f e r  
e f f e c t s  were a b s e n t  i n  t h e  s p e c t r o p h o t o m e t r i c  s t u d y .  
V a l u e s ' o f .  k  k g ,  t h e  pseudo f i r s t  o r d e r  r a t e  c o n s t a n t ,  
were  o b t a i n e d  a t  t h r e e  d i f f e r e n t  pH v a l u e s  f o r  e ach  
compound, and t h e  second  o r d e r  r a t e  c o n s t a n t s  were  c a l ­
c u l a t e d  u s i n g  t h e  r e l a t i o n s h i p  k^ = ^ 0^ s /  (OH~). V a l u e s  
{OH ) were c a l c u l a t e d  from  pH v a l u e s  r e a d  on t h e  pH 
m e t e r  { - l o g ( H + )}  , u s i n g  t h e  e x p r e s s i o n ^
(H+ )(0H “ ) = K =-1- .0069x10"14'
W . . . . .  ( 1 )
These  r e s u l t s  a r e  p r e s e n t e d  i n  T a b le  3 .
-  3 3  -
T a b le  3 .  K i n e t i c  d a t a  f o r  t h e  b a se  h y d r o l y s i s  o f
t r a n s -  [ Co( e n ) 2 ( R - C H 2 - C 0 2 ~ ) C 1  1 C 1 0  com plexes  a t  
2.98.2°K, 1=1 .OM NaCIO . .
R pH 1° \ b s / s " 1 k 2/A “ 1s ' 1
-H 10 .53  1 2 .9  3 7 . 8
10 .13  5 .0 6  3 7 .3
9 .7 0  1 .87  37 .1
- C l  10 .52  1 6 .8  5 0 .4
1 0 . 1 2  6 . 5 8  5 1 . 6
9 . 7 8  3 . 0 8  5 0 . 8
- B r  10 .60  1 7 .3  4 3 .2
1 0 .0 4  4 .6 0  4 1 .7
9 .6 7  1 .9 9  4 2 .3
- I  1 0 .5 6  14 .5  . 3 9 . 7
10 .12  5 .2 0  3 9 .2
9 .7 2  2 . 0 8  3 9 . 4
-CN 1 0 .5 4  40 .1  115
10 .13  15.1  111
9 .7 7  6 . 5 9  111
-NH2 6 .3  9
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The i n t r o d u c t i o n  o f  e l e c t r o n e g a t i v e  s u b s t i t u e n t s  i n t o  
t h e  n o n - p a r t i c i p a t i n g  t r a n s -  l i g a n d  c o u ld  a f f e c t  t h e  r a t e  
o f  b a s e  h y d r o l y s i s  by
( i )  e n h a n c in g  t h e  a c i d i t y  (K) o f  t h e  amine l i g a n d ,  t h e  d e ­
p r o t o n a t i o n  o f  which  r e s u l t s  i n  t h e  f o r m a t i o n  o f  t h e  l a b i l e  
c o n j u g a t e  b a s e  a l t h o u g h
( i i )  a  l o w e r i n g  e f f e c t  on t h e  l a b i l i t y  o f  t h e  ami do
c o n j u g a t e  b a s e  w i th  r e s p e c t  to  l o s s  o f  Cl~ would a l s o  be 
e x p e c t e d .
The r e s u l t s  i n  T a b le  3 i n d i c a t e  t h a t  w h i l e  t h e  s u b s t i ­
t u e n t s  - I ,  - B r ,  and - C l  i n  t h e  a c e t a t e  l i g a n d  g i v e  r i s e  to  
o n l y  m in o r  r a t e  en han cem en ts  i n  b a s e  h y d r o l y s i s  t h e  p r e s e n c e  
o f  a  -CN s u b s t i t u e n t  c a u s e s  a  t h r e e - f o l d  r a t e  a c c e l e r a t i o n .  
The o b s e r v e d  r a t e  en hancem en ts  i n d i c a t e  t h a t  i n  t h e  s e r i e s
o f  compounds i n v e s t i g a t e d  e f f e c t  ( i )  i s  t h e  p r e d o m i n a n t  o f
9t h e  above two e f f e c t s .  D u r in g  a  p r e v i o u s  i n v e s t i g a t i o n
i n t o  k i n e t i c s  o f  h y d r o l y s i s  o f  0 -b o n d ed  amino a c i d  c o m p lex es
— 1 —1o f  c o b a l t ( I I l )  a  k 2 v a l u e  o f  6.3A s was o b t a i n e d  f o r  
b a s e  h y d r o l y s i s  o f  t r a n s - [  C o ( e n ) 2 (NH2 -CH2“ C02~)C1 ] + ,
( 2 9 8 , 2°K, 1=1 ,0M), T h i s  r e p r e s e n t s  a  s i x - f o l d  r a t e  r e t a r d a ­
t i o n  c a u se d  by t h e  amino s u b s t i t u e n t .
The r e a c t i v i t y  o r d e r  o f  t h e  com plexes  t r a n s -  [ C o ( e n ) 2 
( r - c h 2- c o 2“ ) c i  ] *  i n  b a s e  h y d r o l y s i s  v i z . ,
-Nil- <  -H <  -X <  -B r  <  - C l  <  -CN
i s  i n  t h e  same d i r e c t i o n  a s  t h e  o r d e r  o f  a c i d  s t r e n g t h s  
o f  R-CHg-COgH ( w i t h  t h e  e x c e p t i o n  o f  R ^N H ^ ,  which  i s  o f  
c o u r s e  z w i t t e r i o n i c ) . However,  l i t t l e  f u r t h e r  c o r r e l a t i o n  
e x i s t s  a l t h o u g h  t h i s  i n d e e d  i s  n o t  s u r p r i s i n g  i n  v iew  o f  
t h e  f a c t  t h a t  t r e n d s  i n  b a se  h y d r o l y s i s  r a t e s  s tem  i n  
p a r t  f rom  s u b s t i t u e n t  e f f e c t s  on Tc-donor p r o p e r t i e s  o f  
l i g a n d s  w h e r e a s ,  pK v a l u e s  m a in ly  r e f l e c t  o ' - d o n o r
c l
7
a b i l i t i e s .  I n t e r e s t i n g l y  however  when lo g k ^  v a l u e s  f o r
b a s e  h y d r o l y s i s  o f  t h e  above s e r i e s  o f  com plexes  a r e
p l o t t e d  a g a i n s t  t h e  Hammett o' c o n s t a n t s  ( p a r a )  f o r  R 
15g r o u p s  t h e  p o i n t s  r e p r e s e n t i n g  R=-CN, - C l ,  - B r  and  -NHg 
f a l l  on a  s t r a i g h t  l i n e  o f  s l o p e  ( p  v a l u e  f o r  t h e  r e a c ­
t i o n )  0 .9 5 *  w i t h  t h e  R=-H, - I  p o i n t s  s l i g h t l y  a d r i f t .  
B eca u se  o f  t h e  l i m i t e d  d a t a  a v a i l a b l e  and t h e  n a r r o w n e s s  
o f  t h e  l o g k ^  r a n g e ,  which c o v e r s  o n l y  one u n i t ,  i t  i s  
i m p o s s i b l e  a t  t h i s  s t a g e  to  a r g u e  w h e t h e r  t h i s  r e l a t i o n ­
s h i p  i s  a n y t h i n g  o t h e r  t h a n  f o r t u i t o u s  ( F i g u r e  1 ) .
The p r o d u c t s  o f  b a s e  h y d r o l y s i s  o f  e a c h  complex w ere  
a n a l y s e d  s p e c t r o p h o t o m e t r i c a l l y  a f t e r  a c i d i f i c a t i o n ,  a s  
t h e i r  aquo c o n j u g a t e  a c i d s .  U s in g  t h e  s p e c t r a  o f  v a r i o u s
— 9 +
m i x t u r e s  o f  c i s -  and  t r a n s - [ C o t e n ^ t R - C ^ - C C ^  )H20 ] ,
2 -j g
( p r e p a r e d  by l i t e r a t u r e  m ethods  ’ ) f o r  c o m p a r i s o n  t h e
above p r o d u c t s  were  found  t o  c o n t a i n  71+5% t r a n s -  ,
29+5% c i s -  o f  t h e s e  aquo i s o m e r s  (R=-C1, - B r ,  - I ,  -CN).
l
o
g
-  y I -
F i  g u r  e 1
log k 2 values for base hydrolysis of the complexes 
trans-[Co(en)2 (R-CH^-CO^)Cl]+ versus Hammett o' constants 
(para) of R.
CN2 , 0
CM
Cl
1.0
NH
0 . 70
Hammet O 'values
I n  t h e  c a s e  o f  t h e  a c e t a t e  complex h o w ev er ,  the product mix­
ture was found to  c o n t a i n  65+5% t r a n s - ,  35+5% c i s -  [ Co- 
_ 2 +
(en^ (C H ^-C O ^  )H20 ] , which i s  somewhat lo w e r  t h a n  t h a t
7p r e v i o u s l y  r e p o r t e d .
( c )  H g ( l l ) ~ P r o m o t e d  A q u a t io n  a t  2 9 8 . 2°K.
I n  aqu eo us  s o l u t i o n s  c o n t a i n i n g  H g ( I I )  t h e  com p lex es  
. t r a n s - [ C o ( e n ) 2 (h-CH^-CC^ )C1 ] + u n d e rgo  H g ( l I ) - p r o m o t e d  
a q u a t i o n  w i t h  Cl  a s  t h e  l e a v i n g  g r o u p .  The l o n g  and medium 
w a v e l e n g th  han ds  i n  t h e  v i s i b l e  s p e c t r a  o f  e a c h  complex  
d i s a p p e a r  and a r e  r e p l a c e d  by a  nev; more i n t e n s e  band  w i t h  
a t  498nm ( F i g u r e s  2 & 3 ) .  T h ree  w e l l  d e f i n e d  i s o s -
IIISIX
b e s t i c  p o i n t s  (554 -  558 ,  432 -  435 ,  380 -  382)  were  
o b s e r v e d  f o r  each  r e a c t i o n  and a  f o u r t h  a p p e a r e d  a t  338nm 
i n  a l l  e x c e p t  t h e  i o d o a c e t a t e  complex r e a c t i o n .
The k i n e t i c s  o f  t h e  H g ( l I ) - p r o m o t e d  h y d r o l y s i s  r e a c ­
t i o n s  were  i n v e s t i g a t e d  by  m o n i t o r i n g  t h e  a b s o r b a n c e  
i n c r e a s e s  a t  500nm. R e a c t i o n s  were  c a r r i e d  o u t  u n d e r  
pseudo  f i r s t  o r d e r  c o n d i t i o n s  w i t h  H g ( l l )  c o n c e n t r a t i o n s  
a lw ay s  i n  v a s t  e x c e s s  ( ^  100) o v e r  s u b s t r a t e  c o n c e n t r a ­
t i o n s .  A l l  r e a c t i o n s  were i n v e s t i g a t e d  i n  n i t r i c  a c i d  
(0.5M) s o l u t i o n s  ( t h e  com plexes  were  d i f f i c u l t  t o  d i s s o l v e  
i n  s i m i l a r  c o n c e n t r a t i o n s  o f  p e r c h l o r i c  a c i d )  and i o n i c  
s t r e n g t h s  were  m a i n t a i n e d  c o n s t a n t  a t  1.1M u s i n g  an
in
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a p p r o p r i a t e  q u a n t i t y  o f  sodium n i t r a t e  when n e c e s s a r y  a s  
t h e  s u p p o r t i n g  e l e c t r o l y t e .  V a lu e s  o f  k (k^ [ H g ( l l ) ] )  
and k 2 o b t a i n e d  a t  v a r i o u s  H g ( l l )  c o n c e n t r a t i o n s  
a r e  g i v e n  i n  T a b le  4 .  The p r e s e n c e  o f  e l e c t r o n e g a t i v e  
s u b s t i t u e n t s  i n  t h e  a c e t a t e  l i g a n d  c a u s e s  r a t e  r e t a r d a t i o n  
w i t h  t h e  o b s e r v e d  o r d e r  o f  r e a c t i v i t y  b e i n g  -H >  - C l >
4*
- B r  ^  - I  >  -CN >  -NH^ . E l e c t r o n e g a t i v e  s u b s t i t u e n t s  
i n  n o n - p a r t i c i p a t i n g  l i g a n d s  s h o u ld  on t h e  one  hand  s h i f t  
t h e  p r e - e q u i l i b r i u m  p o s i t i o n  away f rom  t h e  l a b i l e  c h l o r o  
b r i d g e d  complex ( l o w e r  K) due t o  a  l o w e r i n g  o f  t h e  d o n o r  
p r o p e r t i e s  o f  c o o r d i n a t e d  C l .  I n  a d d i t i o n  t h e s e  s u b s t i ­
t u e n t s  s h o u ld  r e t a r d  k'f t h e  r a t e  o f  d e p a r t u r e  o f  t h e  
l e a v i n g  g rou p  (HgCl+ ) i n  t h e  r a t e  d e t e r m i n i n g  s t e p .
T a b le  4 .  K i n e t i c  d a t a  f o r  t h e  H g ( I I ) - p r o m o t e d  a q u a t i o n  o f  
t h e  com plexes  t r a n s -  [ C o ( e n ) ^ (R-CH2- CO  ^ )C1 ] CIO^ 
a t  2 9 8 . 2°K, C HHO ]■= Q.5M, 1 = 1 .1M NaNO .
R 102 C H g ( U )  ] /M 103k  , / s -1 102k 2/M- 1 s -1
-H 1 8 .9  5 2 .7  2 7 . 9
9 .5 7  2 6 . 4  2 7 .6
4 . 6 9  12 .3  2 6 .2
2 .3 4  6 .1 6  2 6 .3
- C l  1 8 .6  29 .1  1 5 .6
9 .4 3  1 4 .6  1 5 .5
4 . 6 9  7 . 4 8  1 5 .9
- B r  3 7 .0 *  3 7 .2  9 . 7 9
1 8 . 8  1 6 .7  8 . 8 8
9 . 3 8  8 .8 5  9 .4 3
- I  1 8 .8  1 6 .8  8 . 9 4
9 .4 3  8 .6 6  9 . 1 8
4 . 6 9  4 .51 9 .6 2
-CN 3 9 .0 *  2 5 .3  6 .5 0
19 .5  1 2 .9  6 .6 2
9 .7 5  6 .4 0  6 . 5 6
-NH3+ 5 . 3 9
* I n  b o t h  t h e s e  c a s e s  I > 1 . 1 M  however  i n  a  s e p a r a t e  
e x p e r im e n t  was shown t o  be v i r t u a l l y  i n d e p e n d e n t  
o f  I  a t  t h e  a c i d  c o n c e n t r a t i o n  s t a t e d .
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(d) Spontaneous Aquation at 333.2°K.
I n  a q u eou s  a c i d  s o l u t i o n s  t h e  com plexes  t r a n s -  [ C o -  
( e n ) 2 (R-CHg-CC^ )C1 ] undergo  a q u a t i o n  r e a c t i o n s  i n  
which  Cl  i s  r e p l a c e d  by w a t e r .  The s p e c t r a l  ch an g e s  
a r e  v e r y  s i m i l a r  to  t h o s e  o b s e r v e d  d u r i n g  t h e  H g ( l l ) -  
p rom oted  a q u a t i o n s  w i t h  i s o s b e s t i c  p o i n t s  o c c u r r i n g  
c l o s e  t o  t h e  same w a v e l e n g t h s .  The k i n e t i c s  o f  t h e s e  
r e a c t i o n s  were  f o l l o w e d  s p e c t r o p h o t o m e t r i c a l l y  a t  500nm, 
V a lu e s  o f  k^ , t h e  f i r s t  o r d e r  r a t e  c o n s t a n t s  a t  3 3 3 . 2°K 
a r e  p r e s e n t e d  i n  T a b l e  5 .
As i n  t h e  H g ( I I ) - p r o m o t e d  a q u a t i o n s  e l e c t r o n e g a t i v e  
s u b s t i t u e n t s  i n  t h e  a c e t a t e  l i g a n d  cause;  up  to  a  f o u r ­
f o l d  d e c r e a s e  i n  t h e  r a t e  o f  s p o n t a n e o u s  a q u a t i o n .  T h i s  
e f f e c t  i s  i n  t h e  r i g h t  d i r e c t i o n  s i n c e  t h e  l a b i l i s i n g
e f f e c t  o f  a  l i g a n d  i n  r e a c t i o n s  o f  t h i s  t y p e  i n c r e a s e s
7w i t h  c h a r g e  d o n a t i o n  t o  t h e  r e a c t i o n  c e n t r e .  T h a t  no 
d i r e c t  c o r r e l a t i o n  e x i s t s  b e tw ee n  logk^  and pK& v a l u e s  
o f  R-C^'-CC^H i s  a g a i n  p r o b a b l y  due t o  l i g a n d  tt-  
d o n o r  a b i l i t i e s  b e i n g  i m p o r t a n t  i n  d e t e r m i n i n g  l a b i l i s i n g  
e f f e c t s .
The p r o d u c t s  o f  t h e  a q u a t i o n  r e a c t i o n s  d e s c r i b e d  
above were  examined s p e c t r o p h o t o m e t r i c a l l y  by c o m p ar in g  
a b s o r b a n c e s  a t  494nm o f  p r o d u c t  c o n t a i n i n g  s o l u t i o n s  
w i t h  t h o s e  o f  known m i x t u r e s  o f  c i s -  and t r a n s - [ C o ( e n j g •
-  2+(R-CH2-CO2 )H20 '] . S p o n ta n eo u s  a q u a t i o n  g i v e s  b e tw e e n  
7 1 %  c i s -  , 23% t r a n s -  (R=-Cl)  and 82% c i s -  , 18% t r a n s -
Table 5. Kinetic data for the spontaneous aquation of the
com plexes  t r a n s -  [C o ( e n ) ^ ( R-CH^ -CQ^ )C1 ] CIO^ a t  
3 3 3 . 2°K , [HCIO^] =0.01 frit
R l O ^ / s " 1
-H
- C l
- B r
- I
-CN
-NH *1>
5 4 .6  
1 9 .5  
15 .0  
1 3 .8
14.7  
8.6
* C o n d i t i o n s  a r e  s i m i l a r  t o  t h o s e  u s e d  i n  r e f .  7*
(R=-CN) aquo p r o d u c t  m i x t u r e s  f o r  a l l  t h e  i s o m e r s .  T hese
m i x t u r e s  r e p r e s e n t  t h e  t h e r m o d y n a m i c a l l y  c o n t r o l l e d
i s o m e r i c  c o m p o s i t i o n  s i n c e  i s o m e r i s a t i o n  r e a c t i o n s  o f
t h e  aquo p r o d u c t s  a r e  o v e r  s i x  t im e s  f a s t e r  t h a n  a q u a t i o n
r e a c t i o n s  o f  t h e  c h l o r o  co m p lex e s .  The s t e r i c  c o u r s e  o f
s p o n t a n e o u s  a q u a t i o n  o f  t h e s e  complexes  were n o t  e x am in e d ,  
7
h u t  Tobe e t  a l  h ave  shown t h a t  i n  t h e  r e a c t i o n  o f  t r a n s -
4-
[ Co ( e n ) 2 (CEU-COg )C1] t h e  i s o m e r s  c i s -  and t r a n s -
— 2+
[ C o ( e n ) 2 (CH^-C02 )H20 ]  a r e  p ro d u c e d  a t  n e a r l y  t h e i r  
e q u i l i b r i u m  c o m p o s i t i o n s .  The p r o d u c t  o f  H g ( l l ) - p r o m o t e d  
a q u a t i o n  a t  25°C a r e  88+4% c i s -  ,1 2 + 4 %  t r a n s -  [ C o ( e n ) 2 * 
(R-CH2~C02 )H20 ] ?+ S u b s e q u e n t  s low  chan g e s  i n  t h e  s p e c ­
t r a  o c c u r  a s  t h e s e  m i x t u r e s  a p p ro a c h  t h e  t h e r m o d y n a m i c a l l y  
c o n t r o l l e d  i s o m e r i c  c o m p o s i t i o n s  (80+5% c i s -  , 20+5% 
t r a n s - ;  i s o m e r i s a t i o n  r e a c t i o n s  o f  t h e  aquo p r o d u c t s  a r e  
much s l o w e r  t h a n  H g ( I I ) - p r o m o t e d  a q u a t i o n s  a t  t h e  c o n c e n ­
t r a t i o n s  o f  H g ( l l )  u s e d  i n  t h e s e  e x p e r i m e n t s ) .
I u u
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CHAPTER IV
M e r c u r y ( I I ) - P r o m o t e d  and S p o n ta n e o u s  A q u a t io n  
o f  t h e  N-bonded Amino A c id  C o m p le x e s ,C h lo r o -  
( amino a c i d ) h i s ( 1 , 2 - d i a m i n o e t h a n e ) c o h a l t ( i l l )  
C h l o r i d e .
1. Introduction.
As p o i n t e d  o u t  i n  C h a p te r  I I  o f  t h i s  t h e s i s ,  a c i d  
h y d r o l y s i s  ( a q u a t i o n )  o f  c o b a l t ( l l l )  com plexes  p ro ce ed s  v i a  
d i s s o c i a t i v e  r a t e  d e t e r m i n i n g  s t e p s ,  and an  a p p r e c i a b l e  
amount o f  d a t a  i s  now a v a i l a b l e  on r e a c t i o n s  o f  t h i s  n a t u r e  
The k i n e t i c s  o f  t h e  r e a c t i o n s  a r e  f i r s t  o r d e r ,  b u t  s i n c e  
t h e  c o n c e n t r a t i o n  o f  s o l v e n t  r e m a in s  c o n s t a n t ,  t h i s  by 
i t s e l f  f u r n i s h e s  no i n f o r m a t i o n  a b o u t  t h e  m o l e c u l a r i t y  
o f  t h e  r e a c t i o n s .  N e v e r t h e l e s s ,  c o r r e l a t i o n s  be tv /een  r a t e  
d a t a  and t h e  s t r u c t u r e s  o f  t h e  r e a c t i n g  com plexes  p r o v i d e  
much i n f o r m a t i o n  a b o u t  t h e  m echanism. The f a c t  t h a t  t h e  
r a t e  c o n s t a n t  d e c r e a s e s  1 0 0 - f o l d  a s  t h e  p o s i t i v e  c h a r g e
o f  t h e  r e a c t i n g  complex i s  r e d u c e d  e . g .  c i s - [  GoCen)^*
2-f* 4*(NH^)Cl] and c i s -  [-Co (enJ.^Clg] e m p h a s i s e s  t h e
2im p o r t a n c e  o f  bond b r e a k i n g  i n  t h e  r a t e  d e t e r m i n i n g  s t e p .  
C - a l k y l  s u b s t i t u t i o n  i n  t h e  1 , 2 - d i a m i n o e t h a n e  r i n g s  l e a d s  
to  r a t e  enhancem ent  i n  a c i d  h y d r o l y s i s  e . g .  i n  co m p lex es  
o f  t h e  t y p e  t r a n s -  CCo(AA)Cl ] + , t h e  d iam in e  l i g a n d  
NH0-CH(CH,)-CH(CH_)-NH g i v e s  r i s e  t o  a  f i v e - f o l d  morej  5  d.
•3
r e a c t i v e  s p e c i e s  t h a n  1 , 2 - d i a m i n o e t h a n e .  Such an  a c c e l e ­
r a t i o n  i n  r a t e  upon i n c r e a s e d  s u b s t i t u t i o n  i s  s t r o n g l y  
s u g g e s t i v e  o f  a  d i s s o c i a t i v e  m echanism, i n  t h e  r a t e  d e t e r ­
m in in g  s t e p ,  l e a d i n g  to  a  f i v e - c o o r d i n a t e  t r a n s i t i o n  s t a t e  
p r o v i d e s  r e l i e f  o f  s t e r i c  s t r a i n .
F o r  c o b a l t  pentammine complexes  t h e  o r d e r  o f  r e a c ­
t i v i t y  v a r i e s  w i t h  t h e  l e a v i n g  g ro up  i n  t h e  o r d e r :
(CH30 ) 3PO >  N03 " >  X-  >  Br~ >  HgO >  C l “ •> SC>4 2 -
3 -
H2P04 >  CH'COg >  NH3 >  NCS >  N >  P04 ~  W02 .
and a  p l o t  o f  l o g k  f o r  a q u a t i o n  v e r s u s  pK (Eq,. 1) shows an 
a p p ro x im a te  l i n e a r  f r e e  e n e r g y  r e l a t i o n s h i p .  When t h e  l e a v i n g
K
34. . -Z +
[Co(HH3 ) 5H20 ] ^ + + X  ■-> I  Co(NH3 ) 5X 3 * + H20
. . . . .  ( 1)
g ro u p  i s  u n i n e g a t i y e  t h e  l i n e a r i t y  i s  p a r t i c u l a r l y
s t r i k i n g  ( s l o p e  1 ) .  T h i s  i n d i c a t e s  t h a t  t h e  n a t u r e
o f  X i n  t h e  t r a n s i t i o n  s t a t e  i s  t h e  same a s  i n  t h e  p r o -
4d u c t ,  namely  a  s o l v a t e d  a n i o n .
The mechanism o f  t h e  H g ( I I ) - p r o m o t e d  l o s s  o f  h a l i d e
f rom  h a l o a m i n e c o b a i t ( I I I )  com plexes  h a s  a l s o  b e e n  c o v e r e d
5
i n  C h a p te r  I I .  B i f a n o  and L in c k  e s t a b l i s h e d  a  l i n e a r  
l o g  -  l o g  c o r r e l a t i o n  b e tw ee n  r a t e s  o f  s p o n t a n e o u s  a q u a ­
t i o n  and r a t e s  o f  H g ( I I ) - p r o m o t e d  a q u a t i o n  f o r  a  num ber
2 +o f  c i s -  and t r a n s - [  C o ( e n ) 2A C l ]  co m p lex e s .  T h i s  i m p l i e s  
t h a t  t h e  l e a v i n g  g ro u p s  Cl  and HgCl* r e s p o n d  s i m i l a r l y  
t o  c h a n g in g  X and a r g u e s  a g a i n s t  a  d u a l i t y  o f  m echan ism s  
a s  X i s  c h a n g e d . ^
-  105 -
Steric courses of spontaneous aquations have been
t h o r o u g h l y  i n v e s t i g a t e d  o v e r  t h e  y e a r s .  I t  i s  now w e l l
e s t a b l i s h e d  t h a t  most c i s -  s u b s t r a t e s  r e a c t  w i t h  c o m p le te
r e t e n t i o n  o f  c o n f i g u r a t i o n  and t h a t  t h e  s t e r i c  c o u r s e  o f
t r a n s -  s u b s t r a t e s  dep en d s  on t h e  n a t u r e  o f  t h e  l e a v i n g  
7g r o u p .  T h i s  i s  q u i t e  d i f f e r e n t  f rom t h e  p r o d u c t  d i s ­
t r i b u t i o n  i n  In d u c e d  a q u a t i o n s  where  i n  many c a s e s  s t e r i c
c o u r s e s  a r e  i n d e p e n d e n t  o f  t h e  n a t u r e  o f  t h e s e  l e a v i n g
8 — g r o u p s .  ( e . g .  H g ( I I ) - p r o m o t e d  C l ” rem ova l  f rom  c i s -
[ C o ( e n ) 2N^Cl]  4 g i v e s  t h e  same c i s : t r a n s - p r o d u c t  r a t i o
a s  H N O ^ - p r o m o t e d  r e m o v a l  o f  f r o m  c i s -  [ C o ( e n ) 2 ( N ^ ) 2 ]  + ) .  
g 10
9 . One p o s s i b l e  e x p l a n a t i o n  may be t h a t  i n  s p o n t a ­
n e o u s  a q u a t i o n  t h e  p o o r  l e a v i n g  g ro u p  ( e . g .  X~) c o u ld  be 
s u f f i c i e n t l y  c l o s e  to  e x e r t  some i n f l u e n c e  on  t h e  i n t e r ­
m e d i a t e ,  w h e r e a s ,  i n  i n d u c e d  a q u a t i o n  t h e  good l e a v i n g  
g ro u p  ( e . g .  HgX+ ) w i l l  have  d e p a r t e d  a s  soon  a s  t h e  r e a c t i o n  
i n t e r m e d i a t e  i s  g e n e r a t e d .
T h i s  c h a p t e r  d e s c r i b e s  i n v e s t i g a t i o n s  i n t o  t h e  
H g ( l I ) - p r o m o t e d  and s p o n t a n e o u s  a q u a t i o n  o f  t h e  N -bonded
2 +  'amino a c i d  com plexes  c i s -  [ Co(en)p(NH2- ( C H . ) n -CO_H)Cl ] ,
(n=1 -  3 , 5 ) .
2. Experimental.
The com plexes  c i s -  [ Co(en)^(NH - (C H g ^-C O g H jC lJ  ^ + , 
(n=1 -  3 , 5 )  were p r e p a r e d  a s  d e s c r i b e d  i n  C h a p t e r  I ,  ( 2 c ) .
A l l  m e r c u r y ( I I ) - p r o m o t e d  and s p o n t a n e o u s  a q u a t i o n  
s t u d i e s  were c a r r i e d  o u t  o v e r . a  t e m p e r a t u r e  r a n g e  and 
a t  c o n s t a n t  i o n i c  s t r e n g t h  u s i n g  a  Unicam SP 1800 s p e c ­
t r o p h o t o m e t e r  a s  d e s c r i b e d  i n  C h a p te r  I I , ( 2 b ) .  The H g ( l l ) /
p e r c h l o r i c  a c i d  s o l u t i o n s  were s t a n d a r d i s e d  by  t h e  method 
11o f  V o g e l .  A f t e r  t e m p e r a t u r e  e q u i l i b r a t i o n  1Qxl. o f  
a  c o n c e n t r a t e d  f r e s h  aq ueous  s o l u t i o n  o f  t h e  complex  
was added  to  a. known volume o f  t h e  H g ( l l )  s o l u t i o n  i n  
t h e  c e l l .  R e a c t i o n s  were n o r m a l l y  f o l lo w e d  f o r  a t  l e a s t  
t e n  h a l f - l i v e s .  L i n e a r  p l o t s  o f  log(A(j0 -A^) v e r s u s  t im e  
were  o b t a i n e d ,  and  v a l u e s  o f  t h e  pseudo f i r s t
o r d e r  r a t e  c o n s t a n t  and k ^ ,  t h e  secon d  o r d e r  r a t e  c o n s ­
t a n t  were  c a l c u l a t e d  by t h e  method d e s c r i b e d  i n  C h a p t e r
I I , ( 2 b ) .  I n  t h e  c a s e  o f  s p o n ta n e o u s  a q u a t i o n  k ^  v a l u e s
12i n  some c a s e s  were  o b t a i n e d  by t h e  Guggenheim m eth o d ,  
b u t  r e a c t i o n s  were  g e n e r a l l y  f o l l o w e d  t o  c o m p l e t i o n .
The a c t i v a t i o n  p a r a m e t e r s  f o r  t h e s e  r e a c t i o n s  were  c a l ­
c u l a t e d  u s i n g  t h e  method d e s c r i b e d  i n  C h a p t e r  I I , ( 2 b ) .
3. Results and Discussion.
( a )  H g ( I I ) - P r o m o t e d  A q u a t i o n .
I n  p e r c h l o r i c  a c i d  s o l u t i o n s  c o n t a i n i n g  H g ( l l )  t h e
2+com plexes  c i s -  [ Co ( e n ^  ( N ^ - tC E ^ ^ - C O g h O C l  ] u nd e rg o  
H g ( l I ) - p r o m o t e d  a q u a t i o n .  The s p e c t r a l  c h an g e s  a s s o c i a t e d  
w i t h  t h e s e  r e a c t i o n s  i n v o l v e  t h e  r e p l a c e m e n t  o f  t h e  
l o w e r  e n e r g y  d -d  bands  by new b a n d s  o f  g r e a t e r  i n t e n s i ­
t i e s  a t  486nm ( g l y c i n e  c o m p le x ) ,  493nm ( P - a l a n i n e  com plex)  
492nm ( y - a m i n o - n - b u t y r i c  a c i d  complex) and  492nm ( e -am ino  
n - h e x a n o i c  a c i d  complex ,  f i g u r e  1 ) .  W el l  d e f i n e d  i s o s b e s t i c  
p o i n t s  i n d i c a t i v e  o f  s i n g l e  s t a g e  p r o c e s s e s  o c c u r  a t  515 ,  
417,365nm f o r  t h e  g l y c i n e  com plex ,  5 1 3 , 4 1 8 , 360nm f o r  t h e  
P - a l a n i n e  com plex ,  5 1 4 , 4 1 0 ,358nm f o r  t h e  Y - a m i n o - n -  
b u t y r i c  a c i d  complex and 5 1 6 , 4 1 5 , 358nm f o r  t h e  e - a m i n o -  
n - h e x a n o i c  a c i d  complex .
The k i n e t i c s  o f  t h e s e  r e a c t i o n s  were  i n v e s t i g a t e d  
by m o n i t o r i n g  t h e  a b s o r b a n c e  c h an g e s  a t  480nm. A l l  r e a c ­
t i o n s  were  s t u d i e d  a t  a  c o n s t a n t  i o n i c  s t r e n g t h  o f  1.7M, 
a d j u s t m e n t  t o  t h i s  v a l u e  when n e c e s s a r y  b e i n g  p e r f o r m e d  
by t h e  a d d i t i o n  o f  an  a p p r o p r i a t e  amount o f  NaClO^ a s  
t h e  s u p p o r t i n g  e l e c t r o l y t e .  H g ( l l )  c o n c e n t r a t i o n s  i n  a l l  
c a s e s  were v a s t l y  g r e a t e r  t h a n  complex c o n c e n t r a t i o n s .  
V a lu e s  o f  ^ 0^ s ( ==^ 2 ^ H g ( l l )  ] ) a s  a  f u n c t i o n  o f  H g ( l l )  
c o n c e n t r a t i o n s  a t  d i f f e r e n t  t e m p e r a t u r e s ,  and k^ t h e  
seco n d  o r d e r  r a t e  c o n s t a n t s  a r e  summarised  i n  T a b l e  1.
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A c t i v a t i o n  p a r a m e t e r s ,  A H ^ g  2 , A s 2 98 2 ^ o r  r e a c 't;i-o n s
o f  a l l  t h e  com plexes  a r e  p r e s e n t e d  i n  T a b le  2 and
3 — 1A r r h e n i u s  p l o t s  ( l n k 2 v e r s u s  10 T ) f o r  t h e  P - a l a -
n i n e  and y - a m i n o - n - b u t y r i c  com plexes  a r e  shown i n
F i g u r e s  2 and 3•
The p r o d u c t  o f  t h e  H g ( I I ) - p r o m o t e d  a q u a t i o n  o f
2 +t h e  c h l o r o ( g l y c i n e )  complex i s  [ C o ( e n ) 2g l y ]  , 
c o n t a i n i n g  c h e l a t e d  g l y c i n a t e .  T h i s  was i n d i c a t e d  by 
t h e  f o l l o w i n g  o b s e r v a t i o n s ,
( i )  The u , v . - v i s i b l e  s p e c t r u m  o f  t h e  p r o d u c t  ( T a b l e  3)
i s  i d e n t i c a l  w i t h  t h a t  o f  an  a u t h e n t i c  sam ple  o f  t h e  c h e -  
l a t e d  g l y c i n a t e  complex*
( i i )  When t h e  p r o d u c t - c o n t a i n i n g  s o l u t i o n  was b a s i f i e d  
w i t h  Hepes b u f f e r  ( p r e v e n t s  p r e c i p i t a t i o n  o f  H g ( I l )  ) to  
pH 7 no change  i n  t h e  v i s i b l e  s p e c t r u m  was o b s e r v e d .
* T h i s  p r o d u c t  was p r e p a r e d  a s  f o l l o w s : -
A s o l u t i o n  o f  c i s -  [ C o ( e n ) 2 (NH2~CH2 -CO H)C1 ] 2+, .  
(0 .01M) i n  6M HC1 (20cm^) was h e a t e d  (90°C)  w i t h  
s t i r r i n g  f o r  one h o u r .  The o r a n g e - y e l l o w  s o l u t i o n
•z
was t r e a t e d  w i t h  a c e t o n e  (20cm ) and t h e  r e s u l t i n g  
p r e c i p i t a t e  was s u c t i o n  f i l t e r e d  and d r i e d  i n  v a c u o .  
Found:  C , 2 0 . 8 %  ; H,6.6°/o ; N , 2 0 . 0 %  C oC O g H ^N g O p c i"  
^ O  r e q u i r e s  C , 2 0 . 5 ^  ; H,6 .5% ; H.19.9?6.
Table 1• Rate data for the Hg(lI)-promoted aquation of
V  U  AT JL’ -1" ^  __ V ’b Z —  _ b  y |  U U  J . I / .  V  x u x x u
and a t  i o n i c  s t r e n g t h  o f  1«7M.
(a )  c i s - [ C o ( e n ) 2 (NH2 -CH -C02H)C1 ] 2+
T/K 101 C H g ( l l )  3 /M  103kobg/ s -1 102k 2/M " 1s “ 1
2 8 8 .7  2 . 0  5 .3 0  2 .6 5
" 1 .5  3 .9 5  2 .6 3
2 9 8 .2  2 .0  11 .95  5 .9 7
" 1 .5  8 . 9 8  5 . 9 9
" 1 .0  5 .7 3  5 .7 3
" 0 . 7 5  4 .1 4  5 .5 2
3 0 7 .7  2 .0  2 3 .8 6  . 11 .9 3
" 1 .5  1 6 .7 4  1 1 .1 6
" 1 .0  11 .6 8  1 1 . 6 8
" 0 . 7 5  8 .6 5  11 .53
3 1 7 .4  2 .0  4 3 .9 9  2 1 .9 9
" 1 .5  3 2 .2 2  2 1 . 4 8
" 1 .0  2 1 .4 9  2 1 .4 9
" 0 . 7 5  1 5 .8 8  2 1 .1 7
c o n t i n u e d
Table 1 continued,
(b )  c i s - [  C o ( e n ) 2 (NH2-CH -CH2-C02H)C1 ] 2+
T/K 101 ( H g ( l l )  1/M 104k o b s / s " 1 105k 2/M- 1 s “ 1
2 8 8 .7  1 .6 7  10 .32  6 . 0 7
" 1 .25 7 .31 5 .8 5
2 9 8 .2  2 .0  3 1 .9 0  15 .9 5
"  1 . 0  1 6 . 5 2  1 6 . 5 2
" 0 . 7 5  11 .93  15.91
3 0 7 .6  . 2 .0  7 7 .8 0  3 8 .9 0
" 1 .5  56 .9 0  3 7 .9 0
" 1 .0  3 7 .8 0  3 7 .8 0
3 1 7 .4  1 .5  125 .0  8 3 .4 0
" 1 .0  8 3 .5 0  8 3 .5 0
c o n t i n u e d .
Table 1 continued
( c )  c i s - [  C o ( e n ) 2 (NH -CH -CH -CH -C02H)C1 ] 2+
T/K 101 [ H g ( X I ) ] /M 105ko b s / s " 1 103 k 2/M~1S_1
2 8 8 .4  2 .1 2  1 .2 2  5 .7 5
" 1 .6 0  9 . 3 8  5 .8 6
" 1 .0 6  0 . 5 7  5 . 3 8
" 0 . 8 4  0 .4 5  5 .3 6
298.1  2 .1 2  3 .4 2  1 5 . 2 8
" 1 .06 1.61 1 5 .1 9
" 0 . 8 4  1 .2 6  15 .0 0
3 0 8 .0  2 . 12  1 0 .2 0  48.11
" 1 .6 0  7 . 3 6  4 6 .0 0
" 1 .0 6  4 .8 0  4 5 . 2 8
" 0 . 8 4  3 .8 0  4 5 .2 4
3 1 7 .4  2 .1 2  2 2 .6 6  1 0 6 .8 9
" 1 .60 1 8 .4 7  1 1 5 .4 3
" 1 .06 11 .90  1 1 2 .2 6
c o n t i n u e d
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T a b le  1 c o n t i n u e d
(d) c i s -  [ ' c o ( e n ) 2 (NH2-CH2-CH2 -CH2-CH2-CH2-C 02H)Cl ] 2+ 
T/K 101f H g ( l l ) ]  /M 10 5ko b s / s " 1 103k 2/M- 1 s _1
298 .2  2 .1 2  5 .3 7  2 5 .3 3
" 1 .6 0  3 .8 5  2 4 .0 6
" 1 .0 6  2 .6 0  2 4 .5 3
" 0 . 8 4  2 .0 5  2 4 .4 0
3 0 7 . 8  2 .12  14 .60  6 8 .8 7
" 1 .60  10 .60  6 6 .2 5
" 1 .06 7 .1 3  6 7 .2 6
3 1 7 .2  2 .1 2  3 3 .0 0  155 .6 7
" 1 .60 27 .1 0  169 .3 7
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T a b le  2 The seco n d  o r d e r  r a t e  c o n s t a n t s  and a c t i v a t i o n  
p a r a m e t e r s  f o r  t h e  H g ( l l ) - p r o m o t e d  a q u a t i o n  o f  
c i s -  [ C o ( e n ) o(NH^-(CH^)^-CQ2H)C1 ] com plexes  
a t  2 9 8 <,2°K and i o n i c  s t r e n g t h  1.7M.
n  102k 2/ M - 1s -1 A H V k Jm o l -1 A S * /J K _1m ol_1
1 5 .6 2  53 .42  - 8 9 .4 1
2 1 .5 6  6 7 .5 5  - 5 2 . 6 7
3 1 .6 3  7 6 .4 5  - 2 2 . 4 9
5 2 .4 7  7 5 .6 6  - 2 1 . 6 5
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Figure 2
Arrhenius Plot for the Acid Hydrolysis of 
cis-[Co(en)2 (NH2-(CH2)2-C02H)Cl]Cl2 ,3H20.
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F igure 3
Arrhenius Plot for the Acid Hydrolysis of 
cis-[Co(en)2 (NH2-(CH2 ) -C02H)C1]C12 ,1/2 H O .
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I f  t h e  p r o d u c t  had  b een  an aquo ( g l y c i n e )  complex i o n i -
t h i s  pH and a s p e c t r a l  change s h o u l d  have  b e e n  o b s e r v e d .  
No s p e c t r a l  change  would be e x p e c t e d  f o r  t h e  c h e l a t e d  
g l y c i n a t e  complex .
( i i i )  The p r o d u c t  o f  t h e  s p o n t a n e o u s  a q u a t i o n  o f  t h e
to  t h a t  o f  t h e  H g ( l l ) - p r o m o t e d  a q u a t i o n  r e a c t i o n .  When 
t h e  p r o d u c t - c o n t a i n i n g  s o l u t i o n  was t i t r a t e d  w i t h  0 . 0 1M 
NaOH no a l k a l i  c o n su m p t io n  o c c u r r e d  b e tw e e n  pH 3 . 5  and 
10 i n d i c a t i n g  t h e  a b s e n c e  o f  an  aquo l i g a n d  i n  t h e  
p r o d u c t  complex .
The p r o d u c t s  o f  t h e  s p o n t a n e o u s  and H g ( I I ) - p r o m o t e d  
a q u a t i o n s  o f  t h e  y - a m i n o - n - b u t y r i c  a c i d  and e  - a m i n o - '  
n - h e x a n o i c  a c i d  com plexes  a r e  t h e  aquo com plexes
t i o m e t r i c  t i t r a t i o n s  o f  t h e  p r o d u c t s  o f  t h e  s p o n t a n e o u s  
a q u a t i o n  r e a c t i o n s  two m oles  o f  a l k a l i  p e r  mole o f  p r o ­
d u c t  complex was consumed i n  t h e  pH r a n g e  3 - 8  due t o  
t h e  o v e r l a p p i n g  i o n i z a t i o n  e q u i l i b r i a
1
s a t i o n  o f  t h e  aquo l i g a n d  would be a lm o s t  c o m p le te  a t
c h l o r o ( g l y c i n e )  complex (60°C ,  0.01M HCIO^) i s  i d e n t i c a l
c i s - C  C o ( e n ) 2 (NH2-(CH2 ) n “C02H)H20] 9 n = 3 , 5 .  I n  p o t e n
[ C o ( e n ) 2 (NH2-(CH2 ) n -C02H)H20 ] 3+ 
[ C o ( e n ) 2 (NH2-(CH2 ) n -C02 “ )H20 ] 2+ -H
+
[ C o ( e n ) 2 (NH2-(CH2 ) n -C02 ")0H ] +
( 2 )
I n  t h e  c a s e  o f  t h e  (3- a l a n i n e  complex a - p r o d u c t  m ix t u r e  
c o n t a i n i n g  c i s -  [ C o ( e n ) 2 (NH2-(CH2 ) 2“c 0 2H^H20 ^ an(^
t h e  c h e l a t e d  S - a l a n i n a t e  complex [ C o C e n ^ C N I ^ - C C f ^ ^ -  
-  2 +C O 2  ) ] was o b t a i n e d .  P o t e n t i o m e t r i c  t i t r a t i o n
showed t h a t  i n  s p o n t a n e o u s  a q u a t i o n  t h e  aquo complex 
c o n s t i t u t e s  a b o u t  20% o f  t h e  p r o d u c t  m i x t u r e .
T a b l e  3 E l e c t r o n i c  s p e c t r a l  d a t a  f o r  t h e  p r o d u c t  o f  
H g ( I I ) - p r o m o t e d  a q u a t i o n  o f  t h e  com plexes  
c i s -  C g o (e n ) 2 (HH2-(CH2 ) -C02H )C 1 ]
7 i i
n  ^ e / dm mol-  cm-  )
1 4 8 6 ( 9 8 .0 )  , 3 4 6 ( 1 0 4 .4 )
2 4 9 3 ( 9 1 . 1 )  , 3 5 5 ( 8 2 . 0 )
3 4 9 3 ( 8 9 . 8 )  , 3 5 4 ( 8 3 . 1 )
5 4 9 2 ( 8 9 .1 )  , 3 5 4 ( 8 5 .4 )
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The results in Table 1 show that the glycine complex
c i s -  [ C o ( e n ) 2 ( N H 2 - C H 2 - C 0 2 H ) C l  ] i s  o v e r  t w i c e  a s
r e a c t i v e  a s  t h e  o t h e r s  i n  t h e  H g ( l l ) - p r o m o t e d  r e a c t i o n s ,
and t h a t  t h e  enhanced  r e a c t i v i t y  a r i s e s  f rom  a  more
-1f a v o u r a b l e  (by  14-22kJm ol  ) e n t h a l p y  o f  a c t i v a t i o n .
T h i s  d i f f e r e n c e  i s  s u f f i c i e n t  to  com pensa te  f o r  t h e  more
A ^n e g a t i v e  A S v a l u e s  o b t a i n e d  i n  t h e  c a s e  o f  t h e  g l y c i n e
com plex .  The AH and A S’ v a l u e s  f o r  t h e  Y - a m in o -
n - b u t y r i c  a c i d  and e - a m i n o - n - h e x a n o i c  a c i d  co m plexes
a r e  t y p i c a l  o f  t h o s e  g e n e r a l l y  found  f o r  r e a c t i o n s  o f  
1
t h i s  t y p e .  S in c e  t h e  r a t e  d e t e r m i n i n g  s t e p s  i n v o l v e
A tjs
c h a r g e  s e p a r a t i o n ,  n e g a t i v e  A S  v a l u e s  a r e  t o  be 
13e x p e c t e d .  I n  t h e  c a s e  o f  g l y c i n e  complex t h e  a c t i -
+v a t i o n  p r o c e s s  i n v o l v e s  t h e  s e p a r a t i o n  o f  t h e  i o n s  H 
and Cl f rom  t h e  r e a c t i n g  complex ;  s i n c e  t h i s  r e s u l t s  
i n  i n c r e a s e d  s o l v a t i o n  i n  t h e  t r a n s i t i o n  s t a t e  i t  i s  
n o t  s u r p r i s i n g  t h a t  t h e  v a l u e  o f  A S *  i s  more n e g a t i v e  
t h a n  f o r  t h e  o t h e r  c o m p le x e s .
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(b) Spontaneous Aquation.
I n  1M HCIO^ s o l u t i o n s  ( i o n i c  s t r e n g t h  1.6M and a t  
t e m p e r a t u r e s  3 3 3 . 2°K ) ,  t h e  complexes  c i s - [  Co-
( e n ) 2 (NH2-(CH2 ) n ~C02H)Cl ] 2 +  undergo  a  r e a c t i o n  c h a ­
r a c t e r i s e d  by marked s p e c t r a l  c han g es  i n  t h e  300 -  600nm 
r e g i o n .  The a b s o r p t i o n  a t  527+2nm i n  t h e  s p e c t r u m  o f  
e a c h  complex d i s a p p e a r s  and i s  r e p l a c e d  by a  more i n t e n s e  
a b s o r p t i o n  a t  486nm ( n = 1 ) ,  492nm ( n = 2 ) ,  494nm (n=3)>
494nm ( n = 5 ) .  W el l  d e f i n e d  i s o s b e s t i c  p o i n t s  o c c u r  a t  
518 ,  414 ,  364nm ( n = 1 ) ,  528,  4l6nm (n = 2 ) ,  530 ,  4 18 ,  362nm 
(n=3) and 528,  412 ,  362nm ( n = 5 ) .  A t t e m p t s  to  i s o l a t e  
t h e  s p o n t a n e o u s  a q u a t i o n  p r o d u c t s  f rom  s o l u t i o n  were  
u n s u c c e s s f u l ;  however  t h e s e  were  c h a r a c t e r i s e d  by 
p o t e n t i o m e t r i c  and s p e c t r o p h o t o m e t r i c  m ethods  a s  d e s ­
c r i b e d  i n  t h e  p r e v i o u s  s e c t i o n .
The f i r s t  o r d e r  r a t e  c o n s t a n t s  f o r  t h e s e  r e a c t i o n s  
were  d e t e r m i n e d  s p e c t r o p h o t o m e t r i c a l l y  i n  t h e  t e m p e r a t u r e  
r a n g e  3 3 4 .2  -  3 7 2 , 8°K. R e a c t i o n  s o l u t i o n s  were  1M HCIO^ 
w i t h  i o n i c  s t r e n g t h s  a t  1.6M (NaClO^ a s  t h e  s u p p o r t i n g  
e l e c t r o l y t e ) .  R e a c t i o n s  were f o l l o w e d  by m o n i t o r i n g  
a b s o r b a n c e  i n c r e a s e s  a t  480nm. The pseudo f i r s t  o r d e r  
r a t e  c o n s t a n t s  ( k0^ s ) a ^ v a r i o u s  t e m p e r a t u r e s  a r e
A ^l i s t e d  i n  T a b le  4 and t h e  a c t i v a t i o n  p a r a m e t e r s  ^ 2 9 8  2
and 2  9 which were c a l c u l a t e d  f rom  t h e  p l o t s
3 - 1o f  l n k j  v e r s u s  10 T ( a  t y p i c a l  p l o t  f o r  t h e  
g l y c i n e  complex i s  shown i n  F i g u r e  4 ) a r e  p r e s e n t e d  
i n  T a b le  5 .
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T a b le  4 F i r s t  o r d e r  r a t e  c o n s t a n t s  f o r  t h e  s p o n t a n e o u s  
a q u a t i o n  o f  t h e  com plexes  c i s -  [ C o ( e n ) „ (NHp-  
(CH„) ^-COjQ C l ]  2+ i n  1M HC10 .  , I  = 1 . 6M.
J”
n  T e m p e r a tu r e /  K 10 k .  / s
1 3 34 .2  4 .6 4
" 3 4 5 .2  14 .60
" 3 5 7 .2  4 7 .4 4
3 6 4 . 8  9 3 .7 3
2 3 4 6 .2  7 .2 3
" 3 5 6 .2  2 3 .4 4
" 3 6 6 . 8  5 4 .0 5
3 3 4 6 .7  ' 8 . 9 8
" 3 5 5 .7  3 0 .1 7
" 3 6 3 .2  6 4 .6 0
5 3 5 7 .2  2 2 .0 6
" 3 6 4 . 8  6 0 .3 4
" 3 7 2 . 8  141 .03
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T a b le  5 The pseudo f i r s t - o r d e r  r a t e  c o n s t a n t s  and 
a c t i v a t i o n  p a r a m e t e r s  f o r  t h e  s p o n ta n e o u s  
a q u a t i o n  o f  t h e  com plexes  c i s -  [ C o ( e n ) o (NH -  
(CH2 ) r c 0 2H) c l ]  2+ a t  2 9 8 . 2°K and i o n i c  
s t r e n g t h  1.6M.
n  107k .  : / s -1 A H */kJm ol"1 A S * /JK - 1 mol'
1 3 .7 4  1 06 .9  -  9 .1
2 2 .4 0  1 0 5 .6  - 1 7 .1
3 0 . 7 7  123.1  32 .1
5 0 . 2 3  1 3 4 .9  6 1 . 9
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F i ,e;ur e 4
Arrhenius Plot for Spontaneous Aquation of 
cis-[Co(en)2 (NH2-CH2-C02H)Cl]Cl2 .l/2 E^O
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Table 6 Electronic spectral data for the product of
s p o n t a n e o u s  a q u a t i o n  o f  t h e  com plexes  
c i s -  [C o (en ) c (NH2-(CH2 ) -C02H)C1 ] 2. +
n ■ / m m  6 /dm mol’  cm”max
1 4 8 6 ( 9 9 . 5 )  , 3 4 5 ( 1 0 2 . 3 )
2 4 9 4 ( 9 3 .1 )  , 3 5 4 ( 8 1 . 4 )
3 4 9 4 ( 9 2 .3 )  , 3 5 6 ( 8 4 .1 )
5 4 9 4 ( 9 1 .0 )  , 3 5 6 ( 8 4 .1 )
As i n  t h e  c a se  o f  t h e  H g ( I I ) - p r o m o t e d  r e a c t i o n s  
t h e  g l y c i n e  complex i s  t h e  most  r e a c t i v e  o f  t h e  s e r i e s  
to w a rd s  a c i d  h y d r o l y s i s .  T h i s  i s  due to  a  much more 
f a v o u r a b l e  A H v a l u e  r e l a t i v e  to  t h e  y - a m in o -  
n - b u t y r i c  and s - a m in o - n - h e x a n o ic  a c i d  c o m p lex e s .
The more n e g a t i v e  A s v a l u e s  f o r  t h e  g l y c i n e  and 
P - a l a n i n e  com plexes  c o u ld  be e x p l a i n e d  i n  t e r m s  o f  
s t a b i l i s a t i o n  o f  t r a n s i t i o n  s t a t e s  by c h e l a t i o n  
( s e p a r a t i o n  o f  H+ , Cl f rom t h e  s u b s t r a t e  i n  t h e  r a t e  
d e t e r m i n i n g  s t e p ) .  T h a t  AS* v a l u e s  i n  two c a s e s  
(n = 3 ,5 )  a r e  p o s i t i v e  seems s u r p r i s i n g  i n  v iew  o f  t h e  
f a c t  t h a t  t h e  r a t e  d e t e r m i n i n g  s t e p s  i n v o l v e  c h a r g e  
s e p a r a t i o n .  T h e re  a r e  however  some r e p o r t s  i n  t h e  
l i t e r a t u r e  ( a l t h o u g h  e x c e p t i o n a l )  o f  l a r g e  p o s i t i v e  
AS v a l u e s  f o r  r e a c t i o n s  o f  t h i s  t y p e ,  a l t h o u g h
no e x p l a n a t i o n s  have  b e en  o f f e r e d  t o  e x p l a i n  t h e s e  
a n o m a l i e s .
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CHAPTER Y
N e i g h b o u r i n g  C a r b o x y l a t e  Group E f f e c t s  i n  R e a c t i o n s  
o f  M e ta l  C o m p le x e s - C h lo r id e  I o n  D i s p l a c e m e n t  f rom  
D i c b l o r o ( 1 f 2 - d i a m i n o e t h a n e - N - m o n o a c e t i c a c i d ) p l a t i -  
n u m ( l l )  and i t s  C o n ju g a t e  Base  i n  Aqueous S o l u t i o n .
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1. Introduction.
E x t e n s i v e  k i n e t i c  s t u d i e s  have  b een  made on  t h e  e f f e c t s  
o f  v a r i o u s  l i g a n d s  i n  a  m e t a l  complex on t h e  r a t e  o f  i t s  
r e a c t i o n s .  E o r  exam ple ,  e l e c t r o n i c  e f f e c t s  o f  c o o r d i n a t e d  
l i g a n d s  a r e  r e s p o n s i b l e  f o r  t h e  w e l l  known t r a n s - e f f e c t
-j
phenomenon i n  r e a c t i o n s  o f  p l a t i n u m ( I I )  com plexes  , and 
s t e r i c  e f f e c t s  were  fou n d  to  m a rk e d ly  a c c e l e r a t e  r e a c t i o n s  
o f  c o b a l t ( I I l )  co m p lex e s .  I n  a d d i t i o n ,  how ever ,  some 
s u b s t i t u e n t s  may i n f l u e n c e  a  r e a c t i o n  by s t a b i l i z i n g  a  
t r a n s i t i o n  s t a t e  o r  a c t i v e  i n t e r m e d i a t e  by becom ing  bonded  
o r  p a r t i a l l y  bonded to  t h e  r e a c t i o n  c e n t r e .  T h i s  b e h a v i o u r  
i s  c a l l e d  11 n e i g h b o u r i n g  g ro u p  p a r t i c i p a t i o n "  and i s  s a i d  
t o  p r o v i d e  " a n c h i m e r i c  a s s i s t a n c e "  to  t h e  r a t e  o f  r e a c t i o n ,
3i f  t h e  n e i g h b o u r i n g  g ro u p  i n c r e a s e s  t h e  r a t e  o f  t h e  r e a c t i o n .
4Such b e h a v i o u r  i s  w e l l  known f o r  o r g a n i c  r e a c t i o n s ,  b u t  
i t  h a s  r e c e i v e d  l i t t l e  a t t e n t i o n  f o r  r e a c t i o n s  o f  m e t a l  
i o n  c o m p le x e s .
5W i n s t e i n  e t  a l .  have  made many s t u d i e s  o f  n u e l e o p h i l i c  
p a r t i c i p a t i o n  i n  d i s p l a c e m e n t  r e a c t i o n s  a t  s a t u r a t e d  c a r b o n  
c e n t r e s ,  e . g .  r e a c t i o n s  o f  t y p e  ( l )  which  t h e y  r e f e r  t o  a s  
an HO-5 p a r t i c i p a t i o n  r e a c t i o n .
+ HC1
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T h e r e  a r e  s e v e r a l  d r a m a t i c  exam ples  o f  n e i g h b o u r i n g  g ro up  
p a r t i c i p a t i o n  r e a c t i o n s  i n  o r g a n i c  c h e m i s t r y .  The h y d r o l y s i s  
o f  t e t r a m e t h y l s u c c i n a n i l i c  a c i d  o c c u r s  w i t h  n e i g h b o u r i n g  
g ro u p  p a r t i c i p a t i o n  a t  pH 5 w i t h  a  h a l f - l i f e  o f  30 m i n u t e s ,  
w h e r e a s  t h e  e s t i m a t e d  h a l f - l i f e  f o r  t h e  h y d r o l y s i s  o f  
a c e t a n i l i d e  a t  pH 5 i s  some 300 y e a r s ;  t h i s  i s  a  r a t e  
enhancem ent  o f  1 .6x10  ( e q u a t i o n  2 ) .  The t e t r a m e t h y l  compound • 
i t s e l f  u n d e r g o e s  h y d r o l y s i s  1*200 t i m e s  f a s t e r  t h a n  u n s u b s ­
t i t u t e d  s u c c i n a n i l i c  a c i d ,  w h ich  shows t h a t  t h e  m e th y l  
g r o u p s  b r i n g  t h e  r e a c t i n g  and c a t a l y z i n g  g r o u p s  i n t o  a  
r e l a t i o n s h i p  w i t h  each  o t h e r  w hich  i s  a b o u t  4 k c a l  f u r t h e r  
a l o n g  t h e  r e a c t i o n  c o o r d i n a t e  compared w i t h  t h e  u n s u b s t i t u t e d  
compound. I t  i s  n o t e w o r t h y  t h a t  t h e  d i f f e r e n c e  i n  r a t e s  
b e tw ee n  t h e  s u b s t i t u t e d  and u n s u b s t i t u t e d  compounds i s  
accom p an ied  by a  d e c r e a s e  o f  more t h a n  6 k c a l /m o l  i n  t h e  
e n t h a l p y  o f  a c t i v a t i o n  o f  t h e  r e a c t i o n ,
CH, 0 CH, 0I 3 H I 3
H ,C  C C -^—N H -C .H . H 9 0  H ,C — C---- C OH5 | 6 5 ------ 2 _ ^  3 j
H ,C ------C----- C -— 0 “  H ,C ----- C ------C -— 0 “3 i 3
CH, 0 CH, 0
3 3
+ H2NC6H5
   ( 2 )
The o r t h o - c a r b o x y p h o s p h o n a t e  e s t e r  ( I )  u n d e r g o e s  
h y d r o l y s i s  w i t h  a  h a l f - l i f e  o f  15 m in u t e s  i n  3 0 %  d i m e t h y l -  
s u l p h o x i d e  a t  36°C, w h e re a s  t h e  p a r a - s u b s t i t u t e d  e s t e r  ( I I )  
u n d e r g o e s  no d e t e c t a b l e  h y d r o l y s i s  i n  7 7 .96 0  h o u r s  u n d e r
7
t h e  same c o n d i t i o n s .  The r a t e  i n c r e a s e  c a u se d  by  t h e
0
p ( o c 2h 5 ) 2
HOOG
( I ) ( I I )
c a r b o x y l  g ro u p  i n  t h e  o r t h o  p o s i t i o n  amounts  to  a  f a c t o r  o f  
7more t h a n  7x10 . I f  t h e  o r t h o - c a r b o x y l  g ro u p  i s  e s t e r i f i e d ,
t h e  a b n o rm a l  r e a c t i v i t y  i s  l o s t .  I t  h a s  b e en  s u g g e s t e d  t h a t
t h i s  r a t e  enhancem ent  i s  c a u se d  by i n t r a m o l e c u l a r  c a t a l y s i s
7o f  p r o t o n  t r a n s f e r ,  b u t  t h e  l a r g e  m ag n i tu d e  o f  t h e  e n h an c e  
ment s u g g e s t s  t h a t  i t  may i n v o l v e  n u e l e o p h i l i c  a t t a c k  by  t h e  
a d j a c e n t  c a r b o x y l a t e  g ro u p .
A l th o u g h  so f a r  o n l y  r a t e s  o f  r e a c t i o n s  have  b e e n  c o n ­
s i d e r e d ,  t h e  e f f e c t  o f  n e i g h b o u r i n g  g ro u p  p a r t i c i p a t i o n  i s  
a l s o  m a n i f e s t e d  i n  e q u i l i b r i u m .  F o r  exam p le ,  t h e  e q u i l i b r i u m
c o n s t a n t  f o r  s u c c i n i c  a n h y d r i d e  f o r m a t i o n ,  e q u a t i o n  ( 3 ) ,
5 8 9i s  3x10 M l a r g e r  t h a n  t h a t  f o r  a c e t i c  a n h y d r i d e .  *
An example o f  a n c h i m e r i c  a s s i s t a n c e  from t h e  l i t e r a t u r e
10o f  i n o r g a n i c  c h e m i s t r y  i s  p r o v i d e d  by B aso lo  e t  a l .  who
a m i n e ) , w h ich  p r o v i d e s  a n  i n t e r e s t i n g  example  o f  t h e  n e i g h ­
b o u r i n g  g ro u p  p a r t i c i p a t i o n  b e h a v i o u r  i n  t h e  f o r m a t i o n  o f  
c h e l a t e  r i n g s .  T h i s  r e a c t i o n  i s  so c a l l e d  a  HO-5 p a r t i c i p a t i o n  
r e a c t i o n  f o r  p l a t i n u m ( l l ) .  The r e a c t i o n  i s  t h a t  shown by 
e q u a t i o n  ( 4 ) ,
fl+.m m  pt.m O--- OHl
s t u d i e d  t h e  r e a c t i o n  o f  t r a n s - P t C ^ C e t m ) ^  , (e tm  = e t h a n o l
P t + OH
01 \
+ H„0 + C l
(4 )
f o r  w h ich  t h e  r a t e  e x p r e s s i o n  i s
R a te  = k 1 [ P t C l 2 (etm)]  [OH- ]
(5)
The OH d e p e n d e n t  p a t h  i s  t h o u g h t  to  i n v o l v e  a  r a p i d  a c i d -  
b a s e  e q u i l i b r i u m  o f  t h e  a l c o h o l  g ro u p  f o l l o w e d  by t h e  r a t e  
d e t e r m i n i n g  d i s p l a c e m e n t  o f  t h e  c h l o r i d e  i o n  by t h e  a l k o x i d e  
g r o u p .
The r a t e  o f  e l i m i n a t i o n  o f  t h e  c o o r d i n a t e d  w a t e r  m o le c u l e
from t h e  q u i n q u e d e n t a t e  e d t a  complex o f  c o b a l t ( l l l ) ,  ( I I I ) ,
11shows a  marked d ep endence  on  pH. The i n c r e a s e d  r a t e  o f  
r e a c t i o n  was e x p l a i n e d  by t h e  a c i d  d i s s o c i a t i o n  o f  t h e  f r e e  
c a r b o x y l i c  a c i d  g r o u p .  The c a r b o x y l a t e  g ro up  was fou n d  to  
r e a c t  a b o u t  e i g h t  t i m e s  f a s t e r  t h a n  t h e  u n d i s s o c i a t e d  a c i d .  
C a r b o x y l i c  a c i d  g ro up  i o n i z a t i o n  a l s o  p ro m o te s  t h e  r em o v a l  
o f  c h l o r i d e  i o n  from t h e  complex [ P t C ^ C ^ e d d a ) ]  (IV)
( ^ e d d a  = 1 ,2 - d i a m in o e t h a n e - N ,N  ’- d i a c e t i c a c i d )  .
<°OHCH
.co­
ck
OH
( I I I )
1 , 2 - d i a m i n o e t h a n e - N - m o n o a c e t i c a c i d  (Hedma) i s  a  s im p le  
a r t i f i c i a l ,  a m in o a c id  t h e  c o n j u g a t e  b a s e  (edma) o f  w hich  i s  
p o t e n t i a l l y  a  2N,0 t r i d e n t a t e  l i g a n d .  D e s p i t e  t h i s  o n l y  a  
few r e p o r t s  a r e  a v a i l a b l e  on  m e t a l  com plexes  o f  t h i s  l i g a n d .
A 1 :1 :1  mixed l i g a n d  complex  i s  formed b e tw ee n  b i d e n t a t e
1 ■Z
Hedma, a  n a p h t h o l a z o p y r a z o l o n e  dye and C r ( I I I ) .  The o c t a ­
h e d r a l  complexes  [ Co(edma)2 ] C1.2H20 and CCr(edm a)2 3 Cl*
14-3H20 have  a l s o  b e e n  r e p o r t e d .  I n  t h e o r y  s i x  g e o m e t r i c a l  
i s o m e r s  a r e  p o s s i b l e  f o r  e ach  o f  t h e s e  com plexes  d e p e n d in g  
on t h e  r e l a t i v e  p o s i t i o n s  i n  t h e  o c t a h e d r o n  o f  t h e  c a r b o x y l a t e  
oxygen  atoms and t h e  s e c o n d a r y  and p r i m a r y  n i t r o g e n  a to m s .  
However, o n l y  two i s o m e r s  were i s o l a t e d  f o r  t h e  C o ( I I I )  
c o m p lex es ,  one o f  w hich  h a s  t h e  c a r b o x y l a t e  g r o u p s  t r a n s -  and
t h e  o t h e r  c i s -  . Only  one C r ( m )  i s o m e r  was i s o l a t e d  and t h i s  
was shown to  have  a  t r a n s - c o n f i g u r a t i o n  w i t h  r e s p e c t  to  t h e  
c a r b o x y l a t e  g r o u p s .  I n  t h i s  c h a p t e r  we r e p o r t  t h e  p r e p a r a t i o n  
o f  a  new complex b e tw e e n  Hedma and P t ( l l ) ,  i t s  c h a r a c t e r i s a ­
t i o n  and t h e  k i n e t i c s  and mechanism o f  c h l o r i d e  i o n  d i s p l a c e ­
ment r e a c t i o n s  i n  a q u eo u s  s o l u t i o n s  a t  v a r i o u s  pH v a l u e s  
and t e m p e r a t u r e s .
2* E x p e r i m e n t a l .
( a ) P r e p a r a t i o n  o f  1 , 2 - d i a m i n o e t h a n e - N - m o n o a c e t i c a c i d  
d i h y d r o c h l o r i d e  (Hedma*2HC1).
T h i s  compound was p r e p a r e d  by a  m o d i f i c a t i o n  o f  a
14p r e v i o u s l y  r e p o r t e d  m ethod .  A s o l u t i o n  o f  c h l o r o a c e t i c
■z
a c i d  ( 9 4 . 5 g . )  i n  100cm was n e u t r a l i z e d  w i t h  an  e q u i m o l a r  
q u a n t i t y  o f  s o l i d  sodium b i c a r b o n a t e .  1 , 2 - d i a m i n o e t h a n e  
( 6 0 g . )  was added  d r o p w is e  to  t h e  s o l u t i o n ,  which  was t h e n
rz
t r e a t e d  w i t h  a  s o l u t i o n  (80cm ) o f  sodium h y d r o x i d e  ( 4 0 g . ) .
The f i n a l  s o l u t i o n  was e v a p o r a t e d  t o  d r y n e s s  on  a  r o t a r y
e v a p o r a t o r .  The r e s i d u e  was d i s s o l v e d  i n  a  minimum q u a n t i t y
o f  h o t  w a t e r  and a c i d i f i e d  to  pH 3 w i t h  c o n c e n t r a t e d  HC1.
The s o l v e n t  was t h e n  removed u n d e r  r e d u c e d  p r e s s u r e ,  t h e
o i l y  r e s i d u e  was washed w i th  e t h a n o l  and t r e a t e d  w i t h
3c o n c e n t r a t e d  HC1 (350cm ) .  A f t e r  t h e  a d d i t i o n  o f  an  e q u a l  
volume o f  e t h a n o l / e t h e r  ( 1 : 1 )  m i x t u r e  t h e  s o l u t i o n  was
c o o l e d  o v e r n i g h t  i n  an  i c e - b a t h  whereupon Hedma*2HC1 was
o b t a i n e d  a s  a  w h i t e  c r y s t a l l i n e  p r o d u c t .  I t  was r e c r y s t a l l i s e d
from  a  minimum o f  e t h a n o l .
The i . r .  s p e c t r u m  o f  t h e  p r o d u c t  showed a  C=0 s t r e t c h -
-1i n g  a b s o r p t i o n  a t  1720cm c h a r a c t e r i s t i c  o f  a n  u n i o n i z e d
15 oc a r b o x y l i c  a c i d  g r o u p .  The m e l t i n g  p o i n t  (144  C) a g r e e s
o  16q u i t e  w e l l  w i t h  t h a t  r e p o r t e d  i n  t h e  l i t e r a t u r e  (145 C ) .
(b )  P r e p a r a t i o n  o f  c i s - d i c h l o r o ( 1 , 2 - d i a m in o e th a n e -N -m o n o -  
a c e t i c a c i d ) p l a t i n u m ( l l ) *
A s o l u t i o n  m i x t u r e  o f  1 , 2 - d i a m i n o e t h a n e - N - m o n o a c e t i c a c i d
d i h y d r o c h l o r i d e  ( 0 . 005mol) and K2 CPtOl^  ] (0 . 005mol i n O . I M  
3HaOH , (100cm ) ,  was h e a t e d  on  a  s te am  b a t h  f o r  t h r e e  h o u r s .
3Then 0.1M NaOH (25cm ) was added  and h e a t i n g  c o n t i n u e d  f o r
a  f u r t h e r  t h r e e  h o u r  p e r i o d .  F i n a l l y ,  t h e  s o l u t i o n  was e v a -
3p o r a t e d  down to  a b o u t  10cm ,. t r e a t e d  w i t h  c o n c e n t r a t e d  HC1 
3( 5cm ) and c o o le d  i n  a  r e f r i g e r a t o r  o v e r n i g h t ,  w h ereupon  a  
y e l l o w  c r y s t a l l i n e  p r o d u c t  was o b t a i n e d .  These  c r y s t a l s  were  
s u c t i o n  f i l t e r e d ,  washed w i t h  a  l i t t l e  i c e  c o l d  w a t e r  and 
e t h a n o l ,  and d r i e d  i n  vacuo (7 0 ° C ) .
Found:  0 ,12 .51%  ; H ,2.67% ; N,7.38% , P t ( C ^ H ^ H 20 2 ) C l 2 r e q u i r e s  
C , 12.51% ; Hf 2.62% ; N,7 .29%.
The i . r .  s p e c t r u m  o f  t h e  complex ( n u j o l  m u l l )  d i s p l a y e d
- 1s h a r p  N-H s t r e t c h i n g  f r e q u e n c i e s  i n  t h e  r e g i o n  3100 -  3250cm
( t h e  c o r r e s p o n d i n g  a b s o r p t i o n s  i n  t h e  d i h y d r o c h l o r i d e  o f
-1Hedma o c c u r  a s  b ro a d  ban ds  c e n t r e d  a ro u n d  3100cm ) .  A s h a r p
a b s o r p t i o n  due to  t h e  C=0 asym m etr ic  s t r e t c h i n g  f r e q u e n c y
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- 1o c c u r s  a t  1720cm , c h a r a c t e r i s t i c  o f  an  u n c o o r d i n a t e d
17-C0 2H g r o u p ,  w h i l e  i t s  u . v .  sp e c t r u m  c o n s i s t s  o f  a  h r o a d
3  —1 —1a b s o r p t i o n  w i t h  a t  303nm (e  =190dm mol” cm” i n  0.1M
IIlc lX
HC10,) w i t h  a  s h o u l d e r  a t  280nm ( s  = 149dm^mol” ^'cm”  ^ i n  0.1M 4
HCIO^). The u . v ,  s p e c t r u m  o f  t h e  complex i s  v e r y  s i m i l a r
18t o  t h a t  o f  c i s -  [ P t 0 1 oen ] , ( e n = 1 , 2 - d i a m i n o e t h a n e ) ,  A.c. max
a t  303 ( s=203dm^mol ^cm ^ ) ,  w i t h  a  s h o u l d e r  a t  279nm
( e =151dm^mol~^em~J*) and c i s - C  P t 0 1 o (H0edda)  ] ^  _d d  max
a t  303 ( 8 =200dm^mol ^cm“ ^ ) ,  w i t h  a  s h o u l d e r  a t  278nm ( 8 =
150dm^mol~^ cm ■**)■•
(c )  P o t e n t i o m e t r i c  T i t r a t i o n .
I n  a qu eo us  s o l u t i o n  t h e  complex c i s - [ P t C l 2 (Hedma) ] 
b e h a v e s  a s  a  m onobas ic  a c i d .  The i o n i z a t i o n  e q u i l i b r i u m  may 
be  r e p r e s e n t e d  by e q u a t i o n  ( 6 ) .
0 0 “
H
TT ++ H
c i s -  [ P t C l 2 (Hedma)] c i s -  C P tC l 2 ( edma)3 
. . . . .  ( 6 )
-137 -
( P t C l „ ( edma)) (H )
The pK I =    J v a l u e  f o r  t h e  e q u i l i b r i u m
V ( P t C l 2 (Hedma))
19was d e t e r m i n e d  by s t a n d a r d  p o t e n t i o m e t r i c  m e th o d s .  The
t i t r a t i o n  method d e s c r i b e d  i n  c h a p t e r  1 p .  18 was em ployed .
n 5 
19
MThe v a l u e  o f  pK c a l c u l a t e d  a s  i n T a b le  1 u s e s  t h e  methodcl
d e s c r i b e d  by A l b e r t  and S a r j e a n t .
MS i n c e  K
C P t C l 2 (edma)" ] (H+)
a  “
[ P t C l 9 (Hedm a)]   ( 7 )
m ■ ( P t C l  (edm aj)  (H+ ) 
and K ^a (P tC l„ (H edm a))  . . . . . ( 8 )
m ivr
I t  f o l l o w s  t h a t  K = K - f /T,, , , Cn / ^ \a  a  ( P t C l 2 (e d m a ) ) .( 9 )
On
At 1= 0 - 1 f ( P t C l 2 (edm aI)  ^  0 .7 7 5  °
T M
and PKa  = PKa  " l o g  ° " 7 7 5   0 ° )
pK^ = 2 .9 8 + 0 .0 3Si
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The complex  c i s -  [ P tC l„ (H edm a)]  i s  a  c o n s i d e r a b l y
20s t r o n g e r  a c i d  t h a n  a c e t i c  a c i d  (pK = 4 .7 5 )  , p r e s u m a b ly ,
b e c a u s e  o f  t h e  e l e c t r o n e g a t i v e  c o o r d i n a t e d
s u b s t i t u e n t ,  H o w e v e r , i t  i s  l e s s  a c i d i c  t h a n  t h e  c o n j u g a t e
a c i d  o f  g l y c i n e  HxS-GH9-C0oH (pK = 2 . 3 5 ) ^ 1 , w h ich  c o n t a i n sj  £  c. a 1
+t h e  more s t r o n g l y  e l e c t r o n - w i t h d r a w i n g  NH^ g r o u p .
3 .  K i n e t i c  M e asu rem en ts ,  R e s u l t s  and D i s c u s s i o n .
I n  aqueous  s o l u t i o n  t h e  complex  P tCl^(Hedma) u n d e r g o e s  
a  r e a c t i o n  c h a r a c t e r i s e d  by a  marked s p e c t r a l  change  d u r i n g  
w h ich  A.max s h i f t s  f rom 303nm to  285nm ( F i g u r e  1 ) .  T i t r a ­
t i o n  w i t h  s i l v e r  n i t r a t e  i n d i c a t e d  t h a t  one c h l o r i d e  i o n  
p e r  m o le c u le  o f  complex i s  r e l e a s e d  d u r i n g  t h e  r e a c t i o n .
I n  o r d e r  t o  c h a r a c t e r i s e  t h e  p r o d u c t  a  s o l u t i o n  o f  [ P t C l ^ *
A <2
(Hedma)] , ( 5 x 1 0  mol) i n  w a t e r  (50cm ) was h e a t e d  a t  50°C 
u n t i l  no f u r t h e r  a b s o r b a n c e  i n c r e a s e  a t  285nm was o b s e r v e d .  
The s o l u t i o n  was t h e n  p a s s e d  t h r o u g h  an  a n i o n  e x chang e  r e s i n  
i n  t h e  OH fo rm  ( t o  remove Cl , w h ich  a t  h i g h  c o n c e n t r a t i o n s  
c a u s e s  t h e  r e a c t i o n  to  be r e v e r s e d )  and e v a p o r a t e d  t o  d r y n e s s .  
The o f f - w h i t e  r e s i d u e  which was shown by c o n d u c t i v i t y  mea­
s u r e m e n t s  ( e t h a n o l i c  s o l u t i o n s )  t o  be u n c h a r g e d  a n a l y s e d  
c o r r e c t l y  f o r  c h l o r o , 1 , 2 - d i a m i n o e t h a n e - N - a c e t a t o p l a t i n u m ( I I )  ,
[ P t C l ( e d m a ) ]  . The i . r .  s p e c t r u m  o f  t h e  p r o d u c t  ( n u j o l
— 1m u l l )  shows a  C=0 s t r e t c h i n g  a b s o r p t i o n  a t  1650cm~ , c h a r a c -
-  17t e r i s t i c  o f  a  c o o r d i n a t e d  -CO^ g ro u p  , w h i l e  i t s  u . v .
A
b
so
rb
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e
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F i g u r e  1
_  o
Electronic Spectra of cis-[PtCl^(Hedma)] Solutions (6 x 10 M) 
at pH 6 and at 323.2°K, scanned after 4 min,time intervals.
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W a v e l e n g t h  ( n m )
s p e c t r u m  (a q u e o u s  s o l u t i o n )  f e a t u r e s  a  b ro a d  band w i th
*  IJ id A
■z __ 'J _ >]
a t  282nm (e  =230dm mol"  cm ,pH i n d e p e n d e n t ) .  The a n a l y t i c a l - 
and s p e c t r o s c o p i c  d a t a  p o i n t s  t o  t h e  s t r u c t u r e  (V ) .
.CH CH
NHH2
CH
P t
Cl'
(V)
The f o r m a t i o n  o f  [ P tC l (ed m a )  ] f rom  [ P t C l 2 (Hedma)] 
was i n v e s t i g a t e d  k i n e t i c a l l y  by m o n i t o r i n g  t h e  a b s o r b a n c e  
c h an g e s  a t  320nm and 285nin on a  Unicam SP1800 s p e c t r o p h o t o ­
m e t e r .  R e a c t i o n s  were  s t u d i e d  a t  t e m p e r a t u r e s  i n  t h e  r a n g e  
2 98 .2  -  3 4 9 .2°K ,  and a t  pH v a l u e s  m a in ly  i n  t h e  r a n g e  1 - 7 .  
S o l u t i o n s  o f  s t a n d a r d  p e r c h l o r i c  a c i d  were u se d  i n  t h e  l o w e r  
pH r a n g e ,  0.01M a c e t a t e  b u f f e r s  i n  t h e  pH r a n g e  2 . 5  -  4 . 5  
and 0.01M Hepes ( N - 2 - h y d r o x y e th y lp ip e r a z in e ^ N !- 2 - e t h a n e -  
s u l p h o n i c  a c i d )  b u f f e r s  a t  h i g h e r  pH. I o n i c  s t r e n g t h s  were  
a d j u s t e d  t o  0 .1  when n e c e s s a r y  by t h e  a d d i t i o n  o f  a n  a p p r o ­
p r i a t e  q u a n t i t y  o f  sodium p e r c h l o r a t e .  The pH o f  a n  a q u e o u s  
s o l u t i o n  o f  0 . 0 1M i n  b u f f e r  and 0.1M i n  sodium p e r c h l o r a t e  
was a d j u s t e d  t o  t h e  d e s i r e d  pH by t h e  a d d i t i o n  o f  m in u te  
q u a n t i t i e s  o f  a c i d  o r  b a s e  a s  r e q u i r e d .  The pH o f  t h e  s o l u t i o n
was a c c u r a t e l y  r e a d  on a  R a d io m e te r  pH m e te r  26 .  A 1cm c e l l  
was t h e n  f i l l e d  w i t h  s o l u t i o n  and p l a c e d  i n  t h e  t h e r m o s t a t t e d  
c e l l  com par tm ent  o f  a  Unicam SP1800 s p e c t r o p h o t o m e t e r .  At 
l e a s t  20 m in u t e s  was a l l o w e d  f o r  t h e  t e m p e r a t u r e  o f  t h e  c e l l  
to  e q u i l i b r a t e .  A f t e r  t h i s  t im e  a  s m a l l  q u a n t i t y  ( 0 . 0 0 1 g . )
o f  s o l i d  com plex ,  c i s -C P tG l^ C H e d m a )  ] was added  to  t h e  
s o l u t i o n  i n  t h e  c e l l .  T h i s  was d i s s o l v e d  a s  r a p i d l y  a s  
p o s s i b l e  and t h e  a b s o r b a n c e  change  a t  280nm and a t  320nm, 
t h e n  f o l l o w e d .  A l l  r e a c t i o n s  were f o l lo w e d  f o r  a t  l e a s t  
two h a l f - l i v e s  and i n f i n i t y  a b s o r b a n c e  r e a d i n g s  t a k e n  a f t e r  
t e n  h a l f - l i v e s .  P l o t s  o f  logCA^ -  A^) v e r s u s  t im e  were  i n  a l l  
c a s e s  l i n e a r .  A t y p i c a l  p l o t  a t  313.2°K i s  shown i n  F i g u r e  2 .  
In  a l l  c a s e s  r e a c t i o n  f o l l o w e d  f i r s t  o r d e r  k i n e t i c s  and  t h e  
r a t e  o f  t h e  r e a c t i o n  was found  to  be i n d e p e n d e n t  o f  b u f f e r  
c o n c e n t r a t i o n  a t  c o n s t a n t  pH. V a lu e s  o f  t h e  f i r s t  o r d e r  r a t e  
c o n s t a n t s ,  a t  t h e  t e m p e r a t u r e  and pH v a l u e s  i n v e s t i g a t e d
a r e  p r e s e n t e d  i n  T a b le  2 .  The pH r a t e  p r o f i l e s  a t  3 3 3 . 1°'K 
and 3 2 3 . 2°K a r e  shown i n  F i g u r e  3 .
lo
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Figure 2
Reaction Plot of
cis-[Pt Cl2 (Hedma)]
in Aqueous Solution
at 313 , 2°K, pH 4.32 , 1=0.1 M  .
0 800 1200
Time(s )
Table 2. Kinetic data for Cl displacement from the system
[ P t C l 9 (Hedma)] ^  [P tC lp (ed m a)  ] ~ + H+
pH k / s  obs '
-1
PH k -i /  s obs
-1
2 9 8 . 2UK •
1 .51 
2 .0 6  
2 .4 7  
3 . 2 8  
3 .5 7
5 .1 0  
7 . 4 9
4 .65x10  
5 .24x10 '  
5 .11x10 '  
9 .23x10  
1 .22x10  
1 .80x10 
1 .80x10
-5
-5
- 4
- 4
-4
313 .  2uK
1 . 1 2
2 .0 5
2 . 6 6
3 .0 2
3 .6 2
4 .0 2
4 .5 2
5 .1 0
6.98
4 .65 x 10
4 .6 1 x 1 0
4 .78 x 10
6 .0 9 x 1 0
7 .9 7 x 1 0
8 .4 8x 1 0
9 .26 x 10
8 .8 7 x1 0 '
8 .8 0 x 1 0
- 4
-4
-4
- 4
- 4
- 4
- 4
- 4
3 2 3 .2  K
1 . 12
2 .0 5
2 .3 3
2 .8 2
3.31
3 .8 9
4 .5 2
5.11
5 .6 9
7 b05 
3 4 2 . 2°K
0 . 1 8
1 . 1 2
2 .0 5
5 .53
7 .0 3
8 .89 x 10  
8 .89x10  
1 .02x10 
1 .49x10  
1 .85x10  
2 .28x10  
2 .29x10  
2 .46x10  
2 .23x10
2 . 30 x 10
-4
- 4
-3
-3
-3
-3
-3
-3
-3
-3
5 .1 1 x 1 0 “ 3 
4 .8 6 x 1 0 ” 3 
4 .7 2 x 1 0 " 3 
1 . H x l O " 2 
1 .23x10~ 2
3 3 3 . 1UK
0 . 1 8 '
1 . 1 2
2 .0 5
2 .7 0
3 .4 3
.4.1-5
4.51
5 .0 4
5 .9 5
6 . 8 5
3 4 9 . 2°K
0.18^ 
1 .12
*
2 .5 3 x 1 0 -3
-32 .3 8 x 1 0
2 . 62x10~3 
,-32 .9 2 x 1 0  
3 .3 9 x 1 0  
3 .9 4 x 1 0  
4 .5 0 x 1 0  
5 .1 6 x 1 0  
5 .0 0 x 1 0
-3
-3
-3
-3
-■3
5.44x10 -3
8 .1 5 x 1 0
8 .1 5 x 1 0
-3
-3
* R e a c t i o n  r a t e s  i n  a c i d i c  s o l u t i o n s  were fo un d  to  be i n d e ­
p e n d e n t  o f  i o n i c  s t r e n g t h .  R a te  d a t a  f o r  t h e s e  pH v a l u e s  a r e  
t h e r e f o r e  i n c l u d e d  i n  t h i s  t a b l e  a l t h o u g h  o f  c o u r s e  i o n i c
s t r e n g t h s  o f  t h e s e  s o l u t i o n s  a r e  g r e a t e r  t h a n  t h o s e  o f  a l l  
t h e  o t h e r s  ( 0 . 1 ) .
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Figure 3
kobs versus Profiles for Cl" displacement from the System
[PtClg(Hedma)] [PtCl^(edma)] + H+
at A. 333.1°K and B. 323.2QK.
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C h l o r i d e  d i s p l a c e m e n t  f rom c i s - [ P t C l 2 (Hedma) ] and 
i t s  c o n j u g a t e  b a s e ,  [ P t C l 2 ( e d m a ) ] ~ may be r e p r e s e n t e d  by 
e q u a t i o n s  (11)  and ( 1 2 ) .
h2h -
CH0 CH„
">NH 
""Pt  ^ C H
Cl Cl c = 0  
I
OH
c i s -  [ P t 0 1 o (Hedma)]
h 2n
+ H K
CH0 CH0
/  2 X , 'NH
P t " ^  ^ C H
Cl Cl
2 
I
C = 0
L
0
^ g h 2 CHp
v H0N \  3 nH ^   2   > 2
+ HCl 
[ P tC l (ed m a )  ]
( 1 1 )
CH“ CH2
NH
P t
\ CH,
Cl ' 0 ^  ^ 0
+ Cl""
t  P t C l 2 (edma)]
C P t C l (  edma)]
( 1 2 )
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I f  [HA 3 -ko-fcgjL r e p r e s e n t s  t h e  t o t a l  c o n c e n t r a t i o n  o f  complex 
w h e t h e r  i o n i z e d  [ P t C l 2 (edma) ] o r  u n i o n i z e d  [ P tC l^(H edm a)]
[ H A ] t o t a l  = [ P t C l 2 (edma)* ] + [ P t C l 2 (Hedma) ]
 . (13)
C p tC l2 ( e d m a ) 3 < 1 + O Q
K
 . (14)
= [ P t C l 0 (Hedma)]
K
[ H i
+ 1
(15)
I f  t h e  r e a c t i o n  scheme f o r  Cl d i s p l a c e m e n t  f rom  c i s -  [ P tC l ,
i
(Hedma) ] i s  r e p r e s e n t e d  a s  f o l l o w s
[ P t C l 2 (Hedma) ] -  - - _  [ P t C l 2 ( e d m a ) ]
k .
+  H
p r o d u c t
. . . . .  (16 )
t h e n  t h e  r e a c t i o n  r a t e  i s  g i v e n  by t h e  e x p r e s s i o n
R a te  = k |  [ P t C l 2 (Hedma) ] + k ? [  P tC lg  ( edm aj  ]
. . . . .  (17 )
Combining e q u a t i o n s  ( 1 3 ) , ( 1 4 )  and (15)  l e a d s  to  t h e  r a t e  
e x p r e s s i o n
R a te  = k
[HA] 
K 
[ H+]
t o t a l  
+ 1
k. ^  t o t a l
[ H+ ] 
K
(18)
[HA] t o t a l
1 + K
C H+]
k,
1 + [H 3
K
(19)
and kofeg = k 1/ ( 1 +K/ [H+ 3 ) + k . / ( 1 + [  H+ 3 /K )
( 2 0 )
At h i g h  pH v a l u e s  ^  ^  ►k > w h i l e  a t  low pH v a l u e s
k obs -> k ^ . The pH r a t e  p r o f i l e s  ( F i g u r e  3)  c o n f i r m  t h a t
t h o s e  p r e d i c t i o n s  a r e  r e a l i z e d  e x p e r i m e n t a l l y .  V a l u e s  o f  k
and k 2 a t  each  t e m p e r a t u r e  (T a b le  3) were o b t a i n e d  f rom  t h e
c o n s t a n t  v a l u e s  r e a c h e d  by a t  low and h ig h  pH r e s p e c t i v e l y ,
From t h e  l i n e a r  p l o t s  o f  lnk^  and l n k 2 v e r s u s  1/T a c t i v a t i o n
p a r a m e t e r s  AH* and AS* were c a l c u l a t e d . *
V a lu e s  o f  A H * ^ ^  2° k = 6 9 .6 k J m o l~ 1 , A S * ^ 7 2°K =
- 1 - 1- 8 5 ,5 JK  mol were o b t a i n e d  f o r  t h e  r e a c t i o n  ( 1 1 ) 'and  
A H * ^ ^  2°k ~ 7 1  • 5kJmol \  A s * ^ ^  2°k = - 5 6 .7 JK  ^mol  ^ f o r
* a s  c h a p t e r  I I  p . 51
r e a c t i o n  ( 1 2 ) .  The enhanced  r e a c t i v i t y  o f  [ PtC]!^ ( edma) ]
o v e r  i t s  c o n j u g a t e  a c i d  may t h e r e f o r e  he a t t r i b u t e d  to  an
e n t r o p i c  a d v a n ta g e  w h i c h , i n  t h e  t e m p e r a t u r e  r a n g e  i n v e s t i g a t e d
o v e r r i d e s  t h e  e n t h a l p y  d i f f e r e n c e  f a v o u r i n g  r e a c t i o n  ( 1 1 ) .
I n  b o t h  c a s e s  however  t h e  e n t r o p i e s  o f  a c t i v a t i o n  a r e  s i m i l a r
i n  m a g n i tu d e  to  t h o s e  r e p o r t e d  f o r  a  v a r i e t y  o f  i n t r a m o l e c u l a r  
22p r o c e s s e s .  and a r e  l a r g e r  t h a n  t h e  u s u a l  r a n g e  o f  e n t r o p y  
v a l u e s  q u o te d  f o r  b i m o l e c u l a r  r e a c t i o n s  i n v o l v i n g  p l a t i n u m ( l l )
0*2 O A
c o m p le x e s .  * T h i s  may a c c o u n t  f o r  t h e  f a c t  t h a t  w h e reas  
t h e  d a n g l i n g  a c e t i c  a c i d  and a c e t a t e  g rou p  i n  [ P t C ^ t H e d m a ) ]  
and i t s  c o n j u g a t e  b a se  r e s p e c t i v e l y  a r e  n u c l e o p h i l i c  w i th  
r e s p e c t  t o  P t ( l l ) ,  f r e e  a c e t a t e  (which  i n  t h e s e  i n v e s t i g a t i o n s  
was u s e d  a s  a  b u f f e r )  a p p e a r s  t o  be n o n - n u c l e o p h i l i c .
T a b le  3» F i r s t  ord§r r a t e  c o n s t a n t s  f o r  Cl  d i s p l a c e m e n t  f rom  
[ P t C l 2 (Kedma)] , ( k^)  and [ P t C ^ t e d m a )  ] , ( l ^ ) *
T e m p e ra tu re / ° X
298.2
3 1 3 .2
3 2 3 .2
333 .1
342 .1
3 4 9 .2
4 .6 x 1 0  4 
8 .9 x 1 0 - 4  
2 .5 x 1 0 -3  
4 .9 x 1 0 -3  
8 .2 x 1 0 ~ 3
1 .8 x 1 0~ 4 
9 .0 x 1 0 ~ 4 
2 .3 x 1 0 -3  
5 .2 x 1 0 ~ 3 
1 .2 x 1 0 -2
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CHAPTER VI
H y d r o l y s i s  o f  M e ta l  I o n  C o o r d i n a t e d  S u b s t r a t e s ;  
Base  H y d r o l y s i s  o f  M e ta l  Complexes o f  2 -C y a n o -
1 , 1 0 - p h e n a n t h r o l i n e .
- 153 -
1 . Introduction.
The m e ta l  i o n - c a t a l y s e d  h y d r o l y s i s  o f  c o o r d i n a t e d  l i g a n d s
i s  c u r r e n t l y  a  s u b j e c t  o f  much i n t e r e s t .  T hese  r e a c t i o n s  n o t
o n l y  r e p r e s e n t  a t t r a c t i v e  models  f o r  t h e  c a t a l y t i c  r o l e  o f
2m e t a l s  i n  some e n z y m a t ic  h y d r o l y s i s ,  b u t  t h e y  a l s o  p ose
3
i n t e r e s t i n g  m e c h a n i s t i c  p r o b le m s .  F o r  i n s t a n c e ,  t h e  h y d r o ­
l y s i s  o f  t h e  C u ( l l )  complex o f  g l y c i n e  e t h y l  e s t e r ,  i s  f i r s t
4o r d e r  i n  complex and h y d r o x i d e  i o n  c o n c e n t r a t i o n s .  Two 
k i n e t i c a l l y  e q u i v a l e n t  mechanisms a r e  c o n s i s t e n t  w i t h  t h i s  
r a t e  e x p r e s s i o n ;  ( I )  i n v o l v e s  a t t a c k  by e x t e r n a l  h y d r o x i d e  
i o n  w i t h  t h e  m e t a l  i o n  s e r v i n g  t o  s t a b i l i z e  t h e  d e v e l o p i n g  
c a r b o n y l  a n i o n ,  w h e re a s  ( I I )  r e p r e s e n t s  a t t a c k  on t h e  c a r b o ­
x y l  g ro u p  by m e ta l - b o u n d  h y d r o x i d e  i o n .
( i )  o n
The two p r o c e s s e s  c a n n o t  be d i s t i n g u i s h e d  by s i m p le  k i n e t i c  
t e s t s  ( t h e i r  t r a n s i t i o n  s t a t e s  d i f f e r  o n l y  i n  t h e  p o s i t i o n  
o f  one p r o t o n ) .
B e s i d e s  e s t e r s ,  m e t a l  i o n  prom oted  h y d r o l y s i s  o f  n i t r i l e s ,
5
a m i d e s ,  p e p t i d e s  a n d  i m i n e s  h a v e  a l s o  r e c e i v e d  m u c h  a t t e n ­
t i o n ,  a n d  t h e  u s e  o f  k i n e t i c a l l y  i n e r t  C o ( i l l )  c o m p l e x e s  
r a t h e r  t h a n  l a b i l e  s y s t e m s  e . g .  c o m p l e x e s  o f  N i ( l l )  a n d  C u ( I I )  
h a s  l e d  t o  s i g n i f i c a n t  a d v a n c e s .  T h e  c h e l a t e d  g l y c i n e  e s t e r  
c o m p l e x ,  t r a n s -  [ C o ( e n ) 2 g l y O R  ]  J  ( i l l ) ,  w a s  s h o w n  t o  b e  a n
r
,CP^  NH2
CH.
L - N i l
•Co'
h 2nx
CH;
m  C H 0 /  2/  2
CH <  /
0
‘OR
( I I I )
3 +
J
i n t e r m e d i a t e  i n  t h e  H g ( l l ) - p r o m o t e d  a q u a t i o n  o f  t r a n s ­
it C o  ( e n ) 2 ( N H 2 - C H 2 - C 0 2 R ) X ] ^ + , ( X = C 1  , B r " " )  ?  T w o  r e a c t i o n s  
w e r e  o b s e r v e d  o n  t r e a t i n g  t h i s  s u b s t r a t e  w i t h  H g ( l l ) .  T h e  
f i r s t ,  i n v o l v i n g  h a l i d e  l o s s  ,  i s  c h a r a c t e r i s e d  b y  a p p r e ­
c i a b l e  c h a n g e s  i n  t h e  v i s i b l e  ( \  a t  5 2 5 n m  i n  r e a c t a n t
m a x
s h i f t s  t o  4 8 7 n m  i n  p r o d u c t ) ,  a n d  i . r .  s p e c t r a  (  V ( C = 0 )  i n
— 1
r e a c t a n t  a t  1 7 4 0 c m  d i s a p p e a r s  a n d  i s  r e p l a c e d  b y  ^ ( C = 0 )
— 1
o f  c h e l a t e d  e s t e r  p r o d u c t  a t  1 6 1 0 c m  ) .  T h e  r e a c t i o n  f o l l o w s
5
s e c o n d  o r d e r  k i n e t i c s
Rate = k2 [Hg(ll)] [halide complex]
  ( 1 )
a s  i s  n o r m a l l y  o b s e r v e d  f o r  Hg(ll)-promoted a c i d  h y d r o l y s i s .
The seco n d  r e a c t i o n  i n v o l v e s  h y d r o l y s i s  o f  t h e  c h e l a t e d
e s t e r  ( I I I )  t o  a  complex  c o n t a i n i n g  c h e l a t e d  g l y c i n a t e .
No change  o c c u r s  i n  X. d u r i n g  t h i s  r e a c t i o n  and t h i s  i smax
n o t  s u r p r i s i n g  s i n c e  t h e  r e a c t a n t  and p r o d u c t  a r e  b o t h
CoN^O c h r o m o p h o r e s . However, an  i n t e n s i f i c a t i o n  was o b s e r v e d
—1i n  t h e  487nm b a n d .  D u r in g  t h e  r e a c t i o n  V(C=0) a t  1610cm
i n  t h e  i . r .  s p e c t r u m  o f  t h e  r e a c t a n t  d i s a p p e a r s  and i s
-1r e p l a c e d  by a  new a b s o r p t i o n  a t  1640cm , due t o  V (0=0)
o f  t h e  c h e l a t e d  g l y c i n a t e  p r o d u c t .  The k i n e t i c s  o f  t h e  s e c o n d  
r e a c t i o n  a r e  f i r s t  o r d e r  be low pH 4 c o n s i s t e n t  w i th  a t t a c k
R a te  = k., [ ( I I I ) ]
  ( 2 )
by t h e  weak n u c l e o p h i l e  w a t e r  on t h e  complexed c a r b o n y l  g r o u p .
At pH> 7  t h e  r e a c t i o n  i s  a l s o  f i r s t  o r d e r  i n  [OH” ] and
i s  v e r y  f a s t .  I n  complex ( I I I )  t h e  e l e c t r o n  d i s t r i b u t i o n  o f
t h e  c a r b o n y l  g ro u p  i s  c o n s i d e r a b l y  d i s t o r t e d  by t h e  e l e c t r o n -
w i t h d r a w i n g  m e t a l  i o n ,  t h u s  e x p l a i n i n g  b o t h  i t s  s u s c e p t i b i l i t y
to  a t t a c k  by n u c l e o p h i l e s  a s  weak a s  w a t e r ,  and t h e  f a c t  t h a t
a t t a c k  by t h e  s t r o n g e r  n u c l e o p h i l e  OH” i s  o b s e r v e d  a t  v e r y
—7low c o n c e n t r a t i o n  o f  t h i s  s p e c i e s  (10 M.).
The e f f e c t  o f  C u ( l l )  on t h e  h y d r o l y s i s  o f  g l y c i n a m i d e
h a s  b een  i n v e s t i g a t e d  i n  t h e  pH r a n g e  6 - 1 2 .  I n  n e a r
n e u t r a l  s o l u t i o n s  t h e  m e t a l  i o n  p ro m o te s  t h e  h y d r o l y s i s  o f
t h e  am ide ,  by f o r m in g  t h e  h y d r o l y t i c a l l y  a c t i v e  c a t i o n i c
complex [ Cu (NH2“GH2~C0NH2)232 + • At h i g h  pH ,how ever ,  t h i s
complex i s  c o n v e r t e d  t o  t h e  n e u t r a l  g l y c i n a m i d a t e  complex
Cu(NH2 “CH2~C0NH)2 ■ which  i s  i n s e n s i t i v e  t o  b a se  h y d r o l y s i s .
A v a r i e t y  o f  N,0 c h e l a t e d  g l y c i n a m i d e  com plexes
[Co ( e n ) 2 (N^-CHg-CONRR ’ (NO^^CIO f (R=H,CH.5 ; R ’=H,CH5 ) ,
have  b e e n  p r e p a r e d  and h y d r o l y s i s  o f  t h e  amide l i g a n d s
7i n v e s t i g a t e d  i n  t h e  pH r a n g e  8 -  14* I n  t h e  c a s e  o f  t h e  
R=R*=H and R=H,RI=CH^ com plexes  i o n i z a t i o n  o f  t h e  amide  g r o u p s  
(pK_ ~  11) o c c u r s  i n  t h i s  pH r a n g e  and t h e  k i n e t i c  d a t a  h av e  
been  i n t e r p r e t e d  i n  t e r m s  o f  e q u i l i b r i a  i n v o l v i n g  t h e  h y d r o ­
l y t i c a l l y  a c t i v e  amide com plexes  and t h e i r  a m id a te  c o n j u g a t e  
b a s e s ,  w h ich  a r e  h y d r o l y t i c a l l y  i n a c t i v e .  As a  r e s u l t  t h e  
r a t e  o f  b a s e  h y d r o l y s i s  shows a  f i r s t  o r d e r  d e p en d e n ce  on  
[ OH ] a t  low pH (where  o n l y  t h e  c o n j u g a t e  a c i d  i s  p r e s e n t )
.b u t  an  in d e p e n d e n c e  o f  [OH ] a t  h ig h  pH. I n  t h e  N ,N V -d i -
m e t h y l g ly c in a m id e  complex (R=R, =CH„). t h e  a b s e n c e  o f  an
j
amide p r o t o n  r u l e s  o u t  t h e  p o s s i b i l i t y  o f  amide g ro u p  i o n i ­
z a t i o n  and a  f i r s t  o r d e r  d ependence  on [ 0H~] was o b s e r v e d  
f o r  b a s e  h y d r o l y s i s  o f  t h i s  complex o v e r  t h e  e n t i r e  pH r a n g e .  
I n  t h e  e a s e  o f  a l l  t h r e e  a m id e s ,  ho w ever ,  t h e  m e t a l  i o n  
c a u s e s  r a t e  en hancem en ts  o f  a b o u t  10^ f o r  b a s e  h y d r o l y s i s .
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The complex c i s -  C Co(en)2 (NH„-CH2 -CONH2 ) (OH2 2 + , ( I V) ,
which c o n t a i n s  t h e  m o n o d en ta te  g l y c i n a m i d e  l i g a n d ,  h a s  been
i d e n t i f i e d  a s  one o f  t h e  p r o d u c t s  o f  B r  r em o v a l  f rom  t h e
2+ 8 complex  c i s -  C Co ( e n ) 2 (NHg-CHg-CONHgjBr ] i n  a q u e o u s  b a s e .
The h y d ro x y  complex u n d e r g o e s  a  r a p i d  i n t r a m o l e c u l a r  h y d r o ­
l y s i s  r e a c t i o n  i n v o l v i n g  a t t a c k  by c o o r d i n a t e d  OH on t h e  
a d j a c e n t  amide g ro u p  ( e q u a t i o n  3 ) .
‘NH
OH
2+
-NH
(IV)
( e n ) 2- ;h 2
(3 )
An example  o f  m e t a l  i o n  prom oted  p e p t i d e  h y d r o l y s i s  i s
t h e  C u ( l l )  c a t a l y s e d  h y d r o l y s i s  o f  g l y c y l g l y c i n e , which  h a s
9been  s t u d i e d  i n  some d e t a i l .  The pH r a t e  p r o f i l e  f o r  t h e  
r e a c t i o n  d i s p l a y s  a maximum a t  pH 4 .2  c o n s i s t e n t  w i t h  t h e  
v iew  t h a t  t h e  c a t a l y t i c a l l y  a c t i v e  s p e c i e s  i n  t h e  r e a c t i o n  
i s  t h e  p e p t i d e  oxygen  bonded com plex .  The l o w e r i n g  i n  t h e  
r a t e  a t  h i g h e r  pH v a l u e s  i s  due to  t h e  f o r m a t i o n  o f  t h e  
i n a c t i v e  d e p r o t o n a t e d  complex p ro d u c e d  by i o n i z a t i o n  o f  t h e  
p e p t i d e  h y d ro g e n  a tom .
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I t  h a s  b e en  found  t h a t  a  number o f  com plexes  o f  t h e
2+t y p e  c i s -  C CoN^(OH) (01^ , ] , (N=a sy s te m  o f  f o u r  n i t r o g e n
d o n o r  a t o m s ) ,  s t o i c h i o m e t r i c a l l y  and r a p i d l y  c l e a v e  t h e  N-
10t e r m i n a l  a m in o a c id s  from d i -  and t r i -  p e p t i d e s . '  The p r o p o s e d  
mechanism f o r  t h i s  r e a c t i o n  i n v o l v e s  r e p l a c e m e n t  o f  t h e  
aquo l i g a n d  by t h e  p e p t i d e  ( t h r o u g h  i t s  amino g ro u p )  f o l l o w e d  
by i n t r a m o l e c u l a r  a t t a c k  by t h e  a d j a c e n t  h y d ro x y  l i g a n d  
on t h e  N- t e r m i n a l  p e p t i d e  c a r b o n y l  g r o u p .  E v id e n c e  f o r  t h i s  
pa thw ay  i s  p r o v i d e d  by t h e  f a c t  t h a t  t h e  t r a n s - i s o m e r  o f  t h e  
above complex i s  i n a c t i v e  and N~ p r o t e c t e d  p e p t i d e s  a r e  n o t  
h y d r o l y s e d .
L i k e w i s e ,  n i t r i l e  h y d r o l y s i s  can  be p rom oted  by m e t a l  
11i o n s .  P i n n e l l  e t  a l  have  r e p o r t e d  t h a t  a r o m a t i c  n i t r i l e s
c o o r d i n a t e d  to  p e n t a m m i n e c o b a l t ( l l l )  e . g .  [ (NH^)^-Co~N =  C~
3 +CgH^] v a r e  r a p i d l y  h y d r o l y s e d  by b a s e  to  g i v e  n i t r o g e n -
6bonded c a r b o x a m id e - c o m p le x e s .  R a te  e n h an cem en ts  o f  2x10 
were o b s e r v e d  i n  t h e s e  r e a c t i o n s .  C i s -  [ C o ( e n ) 2 (NH2 -CH2-  
CN)C1] CI2 t (V) was f i r s t  r e p o r t e d  by Chan and C h a n . ^
T hese  a u t h o r s  o b s e r v e d  t h a t  i n  n e a r  n e u t r a l  s o l u t i o n  t h e
r e d  c i s -  complex r a p i d l y  became p u r p l e  and t h a t  V(CN)  a t
— 1 —12260cm d i s a p p e a r e d  to  be r e p l a c e d  by a  band a t  1680cm.
The s p e c t r a l  c h an ges  were a t t r i b u t e d  to  i s o m e r i z a t i o n  r e a c t i o n s  
d u r i n g  which t h e  a m i n o a c e t o n i t r i l e  l i g a n d  f l i p s  a ro u n d  i . e .
c o ( i i i ) - nh2- ch2- c =N c o ( i i i ) - n =  c - ch2- n h2
  (4)
w i t h  a  c o n c o m i t a n t  change  i n  t h e  c o n f i g u r a t i o n  o f  t h e  complex 
f rom c i s  > t r a n s .  T h i s  e x p l a n a t i o n  was s u b s e q u e n t l y  d i s ­
p r o v e d  and t h e  r e a c t i o n  r e s p o n s i b l e  f o r  t h e  s p e c t r a l  change  
was shown t o  i n v o l v e  a t t a c k  by t h e  amido c o n j u g a t e  b a s e  o f  c o o r  
d i n a t e d  1 , 2 -d iaminoe*thane  on t h e  n i t r i l e  c a r b o n  to  g i v e  a  p r o ­
d u c t  c o n t a i n i n g  a  t r i d e n t a t e  a m id in e  l i g a n d  ( V l ) , ( e q ,  5 ) ^ ,  14 
I n  aq ueous  s o l u t i o n  c o n t a i n i n g  H g ( l l )  t h e  i o n s  
[Co ( e n ) 2 (NH2~CH2-CN)X ] 2 + , (X=C1“ o r  Br)  r a p i d l y  g i v e  t h e  
c h e l a t e d  O-bonded g l y c i n a m i d e  s p e c i e s  [ Co( e n ) 2 (NH2-CH2 ~
C0NH2 ) ] , ( E q u a t i o n  ( 6 ) ) .  The k i n e t i c s  o f  t h e s e  r e a c t i o n s
have  b e en  r e p o r t e d .  I n  b o th  c a s e s  t h e  r e a c t i o n s  a r e  f i r s t  
o r d e r  i n  [ H g ( l l )  ] , and [ co m p lex ]  . The mechanism o f  t h e
r e a c t i o n  i s  t h o u g h t  to  i n v o l v e  r a t e  d e t e r m i n i n g  f o r m a t i o n  
o f  a  r e a c t i v e  f i v e  c o o r d i n a t e  s p e c i e s  by HgX+ l o s s  f rom  
t h e  o r i g i n a l  com plex .  T h i s  i n t e r m e d i a t e  c o u ld  u n d e rg o  r i n g  
c l o s u r e  a l t h o u g h  t h i s  i s  n o t  l i k e l y  i n  "view o f  t h e  s t r a i n  
i n  a  f i v e  membered c h e l a t e  r i n g  c au se d  by t h e  p r e s e n c e  o f  
sp  h y b r i d i s e d  c a r b o n .  A l t e r n a t i v e l y ,  t h e  v a c a n t  c o o r d i n a t i o n  
s i t e  i n  t h e  i n t e r m e d i a t e  c o u ld  be u s e d  t o  accom odate  in c o m in g  
H20 .  The r e s u l t i n g  aquo complex e x i s t s  i n  e q u i l i b r i u m  w i t h  
i t s  h y d ro x y  c o n j u g a t e  b a s e ,  a l t h o u g h  i n  a c i d i c  s o l u t i o n s  
t h e  p o s i t i o n  o f  t h e  e q u i l i b r i u m  l i e s  h e a v i l y  t o w a r d s  t h e  
c o n j u g a t e  a i c d .  N e v e r t h e l e s s ,  a  f a c i l e  i n t r a m o l e c u l a r  
a t t a c k  by c o o r d i n a t e d  OH on t h e  n i t r i l e  c a r b o n  c o m p e n s a te s  
f o r  i t s  low c o n c e n t r a t i o n  and t h e  f o r m a t i o n  o f  t h e  c h e l a t e d  
g l y c i n a m i d e  complex by t h i s  r o u t e  may r e a d i l y  be e n v i s a g e d .
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The N i ( I l )  and C o ( I l ) - p r o r a o t e d  b a s e  h y d r o l y s i s  o f
2 - c y a n o - 8 - h y d r o x y q u i n o l i n e  and t h e  N i ( l l ) - p r o m q t e d  b a s e
h y d r o l y s i s  o f  2 - c y a n o - 1 , 1 0 - p h e n a n t h r o l i n e  h ave  a l s o  b e en  
*15 1 8i n v e s t i g a t e d .  9 R a te  d a t a  and a c t i v a t i o n  p a r a m e t e r s  f o r  
t h e  h y d r o l y s i s  o f  a  number o f  l i g a n d s  and t h e i r  m e t a l  com plexes  
a r e  c o l l e c t e d  i n  T a b le  1.
The a b i l i t y  o f  t h e  l i g a n d  1 , 1 0 - p h e n a n t h r o l i n e  t o  fo rm  
s t a b l e  com plexes  w i t h  a  v a r i e t y  o f  m e t a l  i o n s  i s  w e l l  
e s t a b l i s h e d .  The s t a b i l i t y  c o n s t a n t s  o f  many m e t a l  co m plexes  
o f  t h i s  l i g a n d  have  been  d e t e r m i n e d  and found  t o  be c o n s i s -
22t e n t l y  g r e a t e r  t h a n  t h o s e  o f  a n a lo g o u s  b i p y r i d y l  c o m p le x e s .
T h i s  i n c r e a s e d  s t a b i l i t y  i s  a p p a r e n t l y  due t o  g r e a t e r  r e s o ­
n a n ce  i n  t h e  more h i g h l y  c o n j u g a t e d  p h e n a n t h r o l i n e  c o m p le x e s .  
S u b s t i t u t i o n  i n  t h e  2 -  p o s i t i o n  o f  1 , 1 0 - p h e n a n t h r o l i n e  by 
p o t e n t i a l  d o n o r s  p r o v i d e s  a  sy s te m  c a p a b le  o f  b e h a v i n g  a s  
a  t r i d e n t a t e  c h e l a t i n g  a g e n t .  A l a r g e  number o f  2 -  s u b s t i t u t e d
p h e n a n t h r o l i n e s  and t h e i r  m e t a l  complexes  h ave  b e en  r e p o r t e d .  
2 3 2 6 I n  1966 Corey r e p o r t e d  t h e  s y n t h e s i s  o f  2 - c y a n o -
1 , 1 0 - p h e n a n t h r o l i n e , and f rom  t h i s  m a t e r i a l  a  v a r i e t y  o f  
2 -  s u b s t i t u t e d  1 , 1 0 - p h e n a n t h r o l i n e s  have  b e en  p r e p a r e d .
T h ese  i n c l u d e  t h e  t r i d e n t a t e  l i g a n d s  2 - c a r b o x y - 1 , 1 0 - p h e n a n ­
t h r o l i n e ,  i t s  am ide ,  t h i o a m i d e ,  amidoxime,  c a r b a l d e h y d e  
i m i n e s ,  c a r b a l d e h y d e  h y d r a z o n e s  and t h i a z o l e .  The m e t a l  
com plexes  o f  t h e s e  s u b s t i t u t e d  p h e n a n t h r o l i n e s  h ave  b e e n
i n v e s t i g a t e d  by Goodwin and c o - w o r k e r s , 2 and t h e  N i ( l l ) -
18prom oted  h y d r o l y s i s  o f  2 -cyano  d e r i v a t i v e  h a s  b e en  s t u d i e d .
I OJ  -
Table  1 . Comparison o f  r a t e s  and a c t i v a t i o n  parameters f o r  u n c a t a ly s e d  and  
metal -promoted  n i t r i l e  h y d r a t io n .
R e a c t io n
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1 . 15x10 -2
8 2 . 3
8 3 . 2
6 5 . 5
6 3 . 1
5 6 . 0
5 9 . 3
5 9 . 8
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6 3 . 1  
5 7 . 3
44.7
- 7 5 . 2
- 6 2 . 7
- 8 3 . 6
5 8 . 5
- 1 1 2 . 9
-  4 . 1 8
- 1 2 . 5
1 2 . 5
-129.6
16
17,11 
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15
15
19 
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- 2 9 . 3  ( + 1 6 . 7 )  11
- 2 5 . K  + 1 6 . 7 )  11
96 .1  20
21
( X = -C O " , -  CONH2 ,
CSKH- , -C=NOH ,
2 I
NH2
CH=NR , CH=N-HRR' )
2 - C y a n o -1 , 1 0 - p h e n a n t h r o l i n e  h a s  t h e  a d v a n t a g e  t h a t  i t  s h o u l d  
be s t r o n g l y  and c o m p l e t e l y  bound to  v a r i o u s  m e t a l  i o n s ,  and 
t h a t  t h e  cyano g ro u p  i s  i n  a  w e l l  d e f i n e d  p o s i t i o n  i n  a  
m e t a l  complex ,  n e a r  t h e  m e t a l ,  b u t  f o r  r e a s o n s  o f  g e o m e t ry  
n o t  c o o r d i n a t e d  w i t h  i t .
I n  t h i s  c h a p t e r  t h e  C o ( l l )  and C u ( l I ) - p r o m o t e d  h y d r o l y s i s  
o f  2 - c y a n o - 1 , 1 0 - p h e n a n t h r o l i n e  i s  d e s c r i b e d ,  a s  w e l l  a s  t h e  
p r e p a r a t i o n  o f  some m e ta l  com plexes  o f  1 , 1 0 - p h e n a n t h r o l i n e -  
1 -o x id e > a n  i n t e r m e d i a t e  i n  t h e  p r e p a r a t i o n  o f  t h e  above  
l i g a n d .
X
(V II )
2. Experimental.
1 , 10- p h e n a n t h r o l i n e  m onohydra te  (C-j2K3N2H2O) was 
o b t a i n e d  f rom  t h e  A l d r i c h  Company and u s e d  w i t h o u t  f u r t h e r  
p u r i f i c a t i o n ,  T h i s  was c o n v e r t e d  to  2 - c y a n o - 1 , 1 0 - p h e n a n t h r o -  
l i n e  a c c o r d i n g  t o  r e a c t i o n  scheme ( 7 ) . 27
/
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CN
KCN
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+ Cl
(a )  1 ?10- P h e n a n t h r o l i n e - 1- o x i d e
. .  ( 7 )
To a  s o l u t i o n  o f  1 , 1 0 - p h e n a n t h r o l i n e  m onohydra te  (O .IOm ol)  
3i n  120cm o f  g l a c i a l  a c e t i c  a c i d  was added d ro p w ise  w i t h  
3s t i r r i n g  12,0cm o f  30% hy d ro g en  p e r o x i d e .  The t e m p e r a t u r e  
o f  t h e  s o l u t i o n  was m a i n t a i n e d  a t  70 -  75°C f o r  3 h o u r s ,
3a f t e r  which  t im e  an a d d i t i o n a l  12.0cm o f  h y d ro g e n  p e r o x i d e  
was a d d ed .  H e a t i n g  was c o n t i n u e d  f o r  a  f u r t h e r  3 h o u r s .
The s o l u t i o n  was t h e n  c o n c e n t r a t e d  t o  a  volume o f  a p p r o x i -
•7 7
m a t e l y  30cm on a  r o t a r y  e v a p o r a t o r ,  30cm o f  v /a t e r  was
added and t h e  s o l u t i o n  f i n a l l y  c o n c e n t r a t e d  t o  a  volume o f
3a p p r o x i m a t e l y  20cm . The m i x t u r e  was n e u t r a l i s e d  w i t h  a  
sodium c a r b o n a t e / w a t e r  p a s t e .  The s o l i d  mass was e x t r a c t e d  
w i t h  c h l o r o f o r m  and t h e  combined e x t r a c t s  e v a p o r a t e d  t o  
d r y n e s s .  The r e s u l t i n g  r e s i d u e  was d r i e d  i n  an  oven  a t  50°C 
g round  t o  a  f i n e  powder and e x t r a c t e d  i n t o  c h l o r o f o r m .  The 
combined c h lo r o f o r m  e x t r a c t s  were b o i l e d  w i t h  d e c o l o r i s i n g  
c h a r c o a l  , f i l t e r e d ,  and t h e  f i l t r a t e  e v a p o r a t e d  t o  d r y n e s s .  
The t a n - y e l l o w  p r o d u c t  o f  1 , 1 0 - p h e n a n t h r o l i n e - 1 - o x i d e  was 
o b t a i n e d  i n  80% y i e l d .
(b )  2 - C y a n o - 1 , 0 - p h e n a n t h r o l i n e .
A s t i r r e d  s o l u t i o n  o f  1 , 1 0 - p h e n a n t h r o l i n e - 1 - o x i d e
(0 .0 7 m o l)  and p o t a s s i u m  c y a n i d e  ( O .25mol) i n  d i s t i l l e d  w a t e r
3 3(250cm ) was t r e a t e d  w i t h  b e n z o y l  c h l o r i d e  ( 1 5 . 0 c m ) o v e r  a
p e r i o d  o f  15 m i n u t e s .  D u r in g  t h e  a d d i t i o n ,  2 - c y a n o - 1 , 10-
p h e n a n t h r o l i n e  p r e c i p i t a t e d  f rom  s o l u t i o n .  The p r e c i p i t a t e
was s u c t i o n  f i l t e r e d ,  washed w i t h  w a t e r  and d r i e d .  The c r u d e
m a t e r i a l  was p u r i f i e d  by two r e c r y s t a l l i s a t i o n s  f rom  a c e t o -
n i t r i l e  to  g i v e  l i g h t  t a n  n e e d l e s  w i th  m e l t i n g  p o i n t  238 -
239°C i n  1 0 %  y i e l d .
Pound:  C ,75 .95%  ; H ,3 .40&  ; N,20.50% . C ^ i y J  r e q u i r e s
C,76.08°/o ; H,3 .44% ; N,20.47°/o
(c )  1 ,  1 0 - P h e n a n t h r o I i n e - 2 - c a r ’boxam ide .
A s o l u t i o n  o f  2 - c y a n o - 1 , 1 0 - p h e n a n t h r o l i n e  (1 ,O g)  i n  730
3 3cm w a t e r  c o n t a i n i n g  3*25cm h y d r o c h l o r i c  a c i d  (3M) and 0 . 8 3 g .
c u p r i c  c h l o r i d e  (CuCl2*2H20) was t i t r a t e d  w i t h  1M sod ium  hydro  
x i d e  s o l u t i o n  ( u s i n g  a  pH m e te r )  u n t i l  t h e  pH o f  t h e  f i n a l  
s o l u t i o n  was 1 0 . 0 .  Upon t r e a t m e n t  o f  t h e  f i n a l  s o l u t i o n  w i t h
3 . 6 3 g .  (0 .0 0 9 7  mmol) o f  e d t a  ( d i s o d i u m  s a l t ) , t h e  amide  s e p a ­
r a t e d  f rom  t h e  s o l u t i o n  a s  a  w h i t e  c r y s t a l l i n e  s o l i d .  The 
compound was d r i e d  i n  a  vacuum d e s i c c a t o r  o v e r n i g h t .  R e c y r s t a l  
l i s a t i o n  f ro m  d r y  e t h a n o l  gave  w h i t e  c r y s t a l s  ( m . p . 2 9 6 - 2 9 8 ° C ) .
The i . r .  s p e c t r u m  o f  t h e  p r o d u c t  showed a  C=0 s t r e t c h i n g
— 1 28 a b s o r p t i o n  a t  1675cm i n d i c a t i v e  o f  an  amide g r o u p .
f o u n d :  0 ,6 9 .8 5 %  ; H,3 .98% ; N,18.86% . C^H^N^O r e q u i r e s
0 ,6 9 .95 %  ,* H,4 .06% ; N,18.82%
(d )  B i s - 1  , 1 0 - p h e n a n t h r o l i n e - 1  - o x i d e  i r o n . ( l l )  c h l o r i d e .
To a  s o l u t i o n  o f  1 .Og. (5.1mmol) 1 , 1 0 - p h e n a n t h r o l i n e - 1 -  
3o x i d e  i n  130cm o f  m e th a n o l  was added 784mg. (2 .64mmol)  o f
3
F e C ^ ^ H ^ O  d i s s o l v e d  i n  60cm o f  m e t h a n o l .  The s o l u t i o n  
was warmed and a l lo w e d  to  s t a n d  f o r  a  few h o u r s .  The l i g h t  
y e l l o w  s o l i d  was c o l l e c t e d  by s u c t i o n  f i l t r a t i o n  and d r i e d  
i n  vacuo  a t  60°C to  g i v e  1 .0 9 g .  (87.75% i n  y i e l d )  o f  t h e  
com plex .
168 -
Pound:  C,52.80% ; H,3.55% ; N,10.45% . Pe(C 2H8N2 ° ) 2 C12 .1 .5H20
q u i r e s  C,52.78% ; H,3 .51% ; N , 10.26%
(e )  B i s - 1 . I Q - o h e n a n t h r o l i n e - l - o x i d e  z i n c ( l l ) n i t r a t e .
To a  s o l u t i o n  o f  1 .Og. (5 .1mmol)  1 , 1 0 - p h e n a n t h r o l i n e - 1 -  
•5
o x i d e  i n  130cm o f  m e th a n o l  was added  784mg. ( 2 . 64mmol) o f  
Zn(N0 ^ ) 2  • 6H2O d i s s o l v e d  i n  60cm^ o f  m e t h a n o l .  The s o l u t i o n  was 
warmed and a l lo w e d  to  s t a n d  f o r  a  few h o u r s .  The l i g h t  y e l l o w  
s o l i d  was c o l l e c t e d  by s u c t i o n  f i l t r a t i o n  and d r i e d  i n  vacuo 
a t  60°C t o  g i v e  750mg. (42.92%) p r o d u c t .
Pound:  0 ,4 9 .2 1 % - ;  H,2 .74% ; N , H . 7 4 % ' . Z n ( C 12H ^ I20 ) 2 (N0 ) 2 r e ­
q u i r e s  0 ,49 .5 5%  ; H , 2 .77% ; n ,1 4 .4 4 % .
5 .  K i n e t l c - M e a s u r e m e n t s  and. R e s u l t s .
( a )  C o ( l l )  -  Prom oted  Base H y d r o l y s i s  o f  2 - 0 y a n o - 1 , 1 0 - p h e n a n ­
t h r o l i n e .
S o l u t i o n s  o f  2 - c y a n o - 1 , 0 - p h e n a n t h r o l i n e  i n  0.1M C o ( I I )  
a t  pH 4 . 8  und e rgo  s p e c t r a l  c h a n g e s  c h a r a c t e r i s t i c  o f  r e a c t i o n  
( 8 ) .  When t h i s  r e a c t i o n  was a l l o w e d  t o  go t o  c o m p l e t i o n  and 
e d t a  added  ( a s o u t l i n e d  i n  e x p e r i m e n t a l  s e c t i o n  ( c ) ) ,  a  w h i t e  
p r e c i p i t a t e  o f  amide was o b t a i n e d .  A lso  t h e  u . v .  s p e c t r u m  o f  * 
t h e  p r o d u c t  o f  t h e  above  r e a c t i o n  was i d e n t i c a l  t o  t h a t ,  o f  a  
s o l u t i o n  o f  t h e  a u t h e n t i c  amide sample  i n  0.1M C o ( l l ) .  T hese  
e x p e r i m e n t s  c o n f i r m  t h a t  t h e  r e a c t i o n  i n v e s t i g a t e d  a t  pH 4 . 8  
r e p r e s e n t s  c o n v e r s i o n  o f  n i t r i l e  to  am ide .  E l e c t r o n i c  s p e c t r a
r e -
o f  a  2 - c y a n o - 1 , 1 0 - p h e n a n t h r o l i n e  s o l u t i o n  i n  0.1M C o ( l l )  a t  
pH 4 . 7 8  scanned  r e p e t i t i v e l y  i n  t h e  r a n g e  340 -  45.0nm g i v e s  a  
r e a s o n a b l y  l a r g e  a b s o r b a n c e  change a t  380nm, and c o n s e q u e n t l y  
t h i s  was ch osen  a s  t h e  w a v e le n g th  a t  which to  s t u d y  t h e  k i n e ­
t i c s  o f  t h e  r e a c t i o n .
CN
Co
*/
/
OH
2+Co
C -  NH,
. . . .  (8)
F o r  k i n e t i c  m ea su rem en ts  a  c o n c e n t r a t e d  s t o c k  s o l u t i o n
o f  C o C ^ ^ ^ O  i n  w a t e r  (1M) was d i l u t e d  t e n f o l d .  The r e s u l t i n g
s o l u t i o n  was s t a n d a r d i s e d  a g a i n s t  0.1M e d t a ,  u s i n g  x y l e n o l -
o ra n g e  i n d i c a t o r  and pH 10 b u f f e r .  The i n d i c a t o r  was p r e p a r e d
29by t h e  method o f  V o g e l ,  and t h e  t i t r a t i o n  p r o c e d u r e  d e s c r i b e d  
30by F l a s c h k a  was a d o p t e d .  T i t r a t i o n s  were p e r f o r m e d  i n  t r i p l i ­
c a t e  and t h e  s o l u t i o n  was found  to  be 0.095M i n  Co(.II)-.  The 
i o n i c  s t r e n g t h  o f  t h i s  s o l u t i o n  was a d j u s t e d  to  0 . 3  by t h e  
a d d i t i o n  o f  an  a p p r o p r i a t e  amount o f  sodium p e r c h l o r a t e .
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The "base h y d r o l y s i s  o f  2 - c y a n o - 1 , 1 0 - p h e n a n t h r o l i n e  i n  t h e  
p r e s e n c e  o f  C o ( l l )  was f o l l o w e d  by m o n i t o r i n g  t h e  a b s o r b a n c e  
change  a t  380nm a t  t e m p e r a t u r e s  i n  t h e  r a n g e  2 88 .2  -  3 0 8 . 2°K, 
u s i n g  s o l u t i o n s  b e tw een  pH 6 .0 3  and 7 . 3 2 .  Hepes (N - 2 - h y d r o x y -  
e thy ip ip e raz in eT N  *-2- e t h a n e  s u l p h o n i c  a c i d )  b u f f e r  was u s e d  to  
c o n t r o l  t h e  pH. T h i s  i s  a  v e r y  s t e r i c a l l y  h i n d e r e d  h e t e r o c y ­
c l i c  n i t r o g e n  b a s e  which  d o e s  n o t  compete  w i t h  t h e  s u b s t r a t e  
f o r  t h e  m e t a l  i o n ,  ( t h i s  was shown to  be  t h e  c a s e  by v i r t u e  
o f  t h e  f a c t  t h a t  r a t e  c o n s t a n t s  a r e  i n d e p e n d e n t  o f  b u f f e r
c o n c e n t r a t i o n s  a t  c o n s t a n t  pH). The pK v a l u e  f o r  t h e  mono-a
31c o n j u g a t e  a c i d  o f  Hepes  i s  7 . 5 5 ,  which  makes i t  s u i t a b l e  
f o r  u s e  i n  t h e  c h o se n  pH r a n g e .
Base  h y d r o l y s i s  o f  t h e  r e a c t i o n  (8 )  o b e y s  seco n d  o r d e r  
k i n e t i c s ,  f i r s t  o r d e r  i n  s u b s t r a t e  c o n c e n t r a t i o n  and f i r s t  
o r d e r  i n  h y d r o x i d e  i o n  c o n c e n t r a t i o n .
R a te  = k^ [ s u b s t r a t e ]  [ 0H~] . . . . .  (9 )
I n  s o l u t i o n s  o f  c o n s t a n t  pH ( b u f f e r e d  s o l u t i o n s )  C 0H~] i s  
c o n s t a n t ,  and
R a te  = kQ^ g C s u b s t r a t e  ] . . . . .  ( 1 0 )
where kQ^ s i s  t h e  pseudo f i r s t  o r d e r  r a t e  c o n s t a n t  and
l o b s  = k 2 - 0H" ]  . . . . . ( 1 1 )
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I n t o  a  1cm c e l l  was p o u re d  a  s o l u t i o n  o f  C o ( l l )  ( 0 . 0 0  95M
_  *3C
1 = 0 .3M), and  t h e  b u f f e r  (5x10 M), which  had  p r e v i o u s l y  b e en
a d j u s t e d  t o  t h e  d e s i r e d  pH by t h e  a d d i t i o n  o f  a q u eo u s  a l k a l i
o r  a c i d .  A r a d i o m e t e r  p H -m ete r  26 was u s e d  t o  m easu re  t h e
pH o f  t h e  s o l u t i o n ,  which  was c o n t a i n e d  i n  a  b e a k e r  imm ersed
i n  a  w a t e r  b a t h  t h e r m o s t a t t e d  a t  t h e  a p p r o p r i a t e  t e m p e r a t u r e .
The pH -m e te r  had  p r e v i o u s l y  b e e n  s t a n d a r d i s e d  w i t h  0.05M
p o t a s s i u m  h y d ro g e n  p h t h a l a t e  and 0 . 0 1M b o r a x  b u f f e r  f o r  e a c h  
*51 ot e m p e r a t u r e ^  , (15 —35 C) u s e d .  The 1cm c e l l  c o n t a i n i n g  t h e  
b u f f e r e d  m e t a l  i o n  s o l u t i o n  was p l a c e d  i n  t h e  t h e r m o s t a t t e d  
c e l l  com par tm ent  o f  a  Unicam SP1800 s p e c t r o p h o t o m e t e r .
A f t e r  a t  l e a s t  a  t w e n ty  m in u te  e q u i l i b r a t i o n  p e r i o d  40(il  o f  
a c o n c e n t r a t e d  s t o c k  s o l u t i o n  o f  2 - c y a n o - 1 , 1 0 - p h e n a n t h r o ­
l i n e  i n  m e th a n o l  was i n j e c t e d  by means o f  a  s y r i n g e  i n t o  t h e  
b u f f e r e d  m e t a l  i o n  s o l u t i o n .  The a b s o r b a n c e  c h a n g e s  d u r i n g  
t h e  h y d r o l y s i s  r e a c t i o n  were  m o n i t o r e d  f o r  a t  l e a s t  t e n  h a l f -
l i v e s .  Pseudo f i r s t  o r d e r  r a t e  c o n s t a n t s  (k  , ) were  o b t a i n e do b s
32by t h e  Guggenheim m ethod ,  and t h e  seco n d  o r d e r  r a t e  c o n s ­
t a n t s  were  c a l c u l a t e d  u s i n g  t h e  r e l a t i o n s h p  ^ " ^ o b s ^  E 
V a lu e s  o f [  0H~ ] were  c a l c u l a t e d  f rom  t h e  pH v a l u e s  r e a d  
on t h e  pH -m ete r  J - lo g (H *  ) ^  , u s i n g  t h e  e x p r e s s i o n ^
[+ ) }  ’
. . . . .  ( 1 2 )
The pK v a l u e s  u s e d  a t  v a r i o u s  t e m p e r a t u r e s  were  t h o s e  g i v e n  ■ ^  w ■z-z
by A l b e r t  and S a r j e a n t ,  and a c t i v i t y  c o e f f i c i e n t s  o f  h y d r o ­
x i d e  i o n  were  c a l c u l a t e d  by Debye-H ucke l  e q u a t i o n
Az2I ^
- log fQ H -  “ . * . . . ( 1 3 )
un I  +Ba I /zo
where  ^ q h ” c o e f f i c i e n t  o f  OH i o n ,  z  i t s
c h a r g e  , A,B and aQ a r e  a s  d e f i n e d  by R ob inson  and S t o k e s ,  
and I  i s  t h e  i o n i c  s t r e n g t h  o f  t h e  medium which  i s  g i v e n  by 
t h e  summation
^ Z ( c . z 2 ) . . . . . ( 1 4 )
i n  w h ich  c .  i s  t h e  m o la r  c o n c e n t r a t i o n  o f  i o n / i o n s .
1
A t y p i c a l  k i n e t i c  p l o t  f o r  t h e  C o ( i l ) - p r o m o t e d  b a s e  hydro '  
l y s i s  o f  2 - c y a n o - 1 , 1 0 - p h e n a n t h r o l i n e  i s  p r e s e n t e d  i n  F i g u r e  1 .  
V a l u e s  o f  kQ^ g and k 2 a t  v a r i o u s  pH and t e m p e r a t u r e s  i n  t h e  
r a n g e  2 8 8 .2  -  308 .2°K  a r e  t a b u l a t e d  i n  T a b le  2 .
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F i  g u r e  1
Reaction Plot for the Co(II)-Promoted Base Hydrolysis of 
2-Cyano-l,10-phenanthroline at 298.2°K,pH 7.32,1=0,3 M.
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I t  can  "be s e e n  t h a t  s e n s i b l y  c o n s t a n t  v a l u e s  were
o b t a i n e d  f o r  and t h a t  i n  t h e  p r e s e n c e  o f  C o ( I I )  i o n
the base h y d r o l y s i s  o f  2 -cy ano -1  , 1 0 - p h e n a n t h r o l i n e  to  t h e
7
c o r r e s p o n d i n g  amide p r o c e e d s  by a  f a c t o r  c a .  1 .4 x 10  t i m e s
f a s t e r  t h a n  t h e  b a se  h y d r o l y s i s  o f  t h e  f r e e  l i g a n d  a t
2 8 9 . 2°K. A c t i v a t i o n  p a r a m e t e r s  f o r  t h e  C o ( I I ) - p r o m o te d
h y d r o l y s i s  o f  2 - c y a n o - 1 , 1 0 - p h e n a n t h r o l i n e  were  c a l c u l a t e d
"5 —1 *f rom  t h e  p l o t  o f  ln k ^  v e r s u s  10 T . D e t e r m i n a t i o n  o f  t h e  
a c t i v a t i o n  p a r a m e t e r s  f rom  t h e  d a t a  o f  T a b le  2 ,  y i e l d s  t h e  
v a l u e s  A Hpgg 2 5 9 .3kJm ol  1 and A s * ^ g 2 42JK 1m o l . 1
(b )  C u ( l l ) - P r o m o t e d  Base  H y d r o l y s i s  o f  2 -C y a n o - . i f 1 Q - , 
p h e n a n t h r o l i n e .
I n  p r e l i m i n a r y  i n v e s t i g a t i o n s ,  a b o u t  2 0 f i l . o f  a  s t o c k  
s o l u t i o n  o f  2 - c y a n o - 1 , 1 0 - p h e n a n t h r o l i n e  was i n j e c t e d  i n t o  a  
1cm c e l l  c o n t a i n i n g  a 0.02M s o l u t i o n  o f  C u ( l l )  b u f f e r e d  a t  
pH 4 . 6  w i t h  a c e t a t e / a c e t i c  a c i d  b u f f e r .  R e p e t i t i v e  s c a n s  
a f t e r  t im e  i n t e r v a l s  o f  2 0 m in u te s  were r e c o r d e d  i n  t h e  
r a n g e  333 -  368nm, u s i n g  a  Unicam SP1800 s p e c t r o p h o t o m e t e r  
( F i g u r e  2 ) .
I t  i s  c l e a r  t h a t  s i g n i f i c a n t  a b s o r b a n c e  c h a n g e s  o c c u r  
i n  t h i s  r e g i o n ,  and t h e  w a v e le n g th  o f  355nra was c h o s e n  t o  
s t u d y  t h e  k i n e t i c s  o f  t h e  r e a c t i o n .  A l l  k i n e t i c  m e a su re m e n ts  
were  c a r r i e d  o u t ,  u s i n g  a  Unicam SP1800 s p e c t r o p h o t o m e t e r .
* The method i s  d e s c r i b e d  i n  C h a p te r  I I ,  p .  51
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F i ffur e 2
C u (II)-Promoted Base Hydrolysis of 2-Cyano-l,10-
phenanthroline , at 298.2°K,pH 4 , 6l,[NaClO^]=0,24M,
-4
Acetate Buffer=2 x 10 M,[Cu(II)]=0.02M,At~lOmin.
0 . 1 8
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R e a c t i o n  s o l u t i o n s  were 0.01M i n  C u ( l l ) ,  ( C u ( l l )  was s t a n ­
d a r d i s e d  w i t h  e d t a ) , ^ ’^  0.27M i n  NaClO^ ( t o  m a i n t a i n
c o n s t a n t  i o n i c  s t r e n g t h  o f  0.3M d u r i n g  t h e  r e a c t i o n ) ,  and 
2 .5 x 1 0  M i n  CH^C02Na. The pH o f  t h e  s o l u t i o n s  were a d j u s t e d  
"by t h e  a d d i t i o n  o f  m i c r o l i t r e  q u a n t i t i e s  o f  g l a c i a l  a c e t i c  
a c i d .  The f i n a l  pH v a l u e s  o f  t h e  s o l u t i o n s  ( u n d e r  Ng a tm o s ­
p h e r e )  were  r e a d  on R a d io m e te r  pH -m ete r  26 .  The s o l u t i o n s  
were t r a n s f e r r e d  t o  1cm c e l l s  and t h e s e  were l e f t  f o r  a b o u t  
2 0 m in u te s  ( t o  t e m p e r a t u r e  e q u i l i b r a t e )  i n  t h e  t h e r m o s t a t t e d  
c e l l - c o m p a r t m e n t  o f  t h e  s p e c t r o p h o t o m e t e r .  Then 20p,l. o f  
a  s t o c k  s o l u t i o n  o f  2 - c y a n o - 1 , 1 0 - p h e n a n t h r o l i n e  i n  m e th a n o l  
was i n j e c t e d  i n t o  t h e  sample  c e l l  and t h e  d e c r e a s e  i n  a b s o r ­
bance  a t  355nm, m o n i t o r e d  a g a i n s t  t i m e .  P l o t s  o f  l o g ( A eo-A^.) 
o r  log(A^.+x-A^) were l i n e a r  a t  l e a s t  f o r  t h r e e  h a l f - l i v e s ,  
i n d i c a t i n g  c l e a n  f i r s t  o r d e r  p r o c e s s e s .  A t y p i c a l  k i n e t i c  
p l o t  i s  p r e s e n t e d  i n  F i g u r e  3*
Pseudo f i r s t  o r d e r  r a t e  c o n s t a n t s  ( k0 b s )> were  o b t a i n e d  
by t h e  same method a s  was done f o r  C o ( I I ) - p r o m o te d  b a s e  h y d r o ­
l y s i s  r e a c t i o n .  T a b l e  3 c o n t a i n s  v a l u e s  o f  and  k^»
o b t a i n e d  a t  v a r i o u s  pH v a l u e s .  The k 2 v a l u e  f o r  t h e  C u ( I I ) - p r o -  
moted b a s e  h y d r o l y s i s  o f  2 - c y a n o - 1 , 1 0 - p h e n a n t h r o l i n e  t o  t h e
O o
c o r r e s p o n d i n g  amide a t  298 .2  K i s  some 2 .9 6 x 1 0  t i m e s  g r e a t e r  
t h a n  t h e  k 2 v a l u e  f o r  b a s e  h y d r o l y s i s  o f  t h e  f r e e  l i g a n d  a t  
t h e  same t e m p e r a t u r e .
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F i g u r e  3
Reaction Plot for the Cu(II)-Promoted Base Hydrolysis of 
2-Cyano-l,10-phenanthroline at 298.2°K,pH 5.03,1=0.3M.
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T a b l e  3 .  C u ( I I ) -  p rom oted  b a se  h y d r o l y s i s  o f  2 -cy an o ~
1 , 1 0 - p h e n a n t h r o l i n e  a t  2 9 8 . 2°K.
1010 1010 104 1 0 - 5
PH _ -  -1 -1 -1
(Olf)/M [OH ] /M  kg/M s
4 .6 3  4 .3 0  6 .0 7  4 .8 7  8 .0 2
4 . 7 8  6 .0 7  8 .5 7  6 .4 5  7 .5 3
4 . 7 8  6 .0 7  8 .5 7  6 .5 0  7 . 5 8
5 .0 3  10 .80  15 .25  11 .70  7 .6 7
4a D i s c u s s i o n .
I n  t h e i r  s t u d y  o f  t h e  N i ( I I ) - p r o m o t e d  b a s e  h y d r o l y s i s
18o f  2- c y a n o - 1 , 1 0 - p h e n a n t h r o l i n e , B re s lo w  e t  a l ,  o b s e r v e d  
a  f i r s t  o r d e r  dep en dence  o f  r a t e  on h y d r o x i d e  i o n  c o n c e n -  
' t r a t i o n j a n d  a l s o  o b s e r v e d  t h a t  t h e  s y s te m  i s  n o t  s u s c e p t i b l e  
t o  g e n e r a l  b a se  c a t a l y s i s .  E i t h e r  o f  two m ec h an ism s(1 6 )  o r  
(17)  a c c o u n t  f o r  t h e s e  o b s e r v a t i o n s .  T hese  i n v o l v e  ( a )  
a t t a c k  o f  e x t e r n a l  h y d r o x i d e  i o n  on t h e  complexed s u b s t r a t e ,  
o r  (b )  a t t a c k  o f  a c o o r d i n a t e d  h y d r o x i d e  on t h e  com plexed  
s u b s t r a t e ,  and b o th  mechanisms comply w i t h  t h e  o b s e r v e d  
r a t e  l a w .  S t u d i e s  w i th  n u c l e o p h i l e s ,  o t h e r  t h a n  0H~* how ever  
showed t h e  mechanism i n v o l v i n g  e x t e r n a l  OH" a t t a c k  to  be t h e  
l i k e l y  o n e .
— I uu
©,OH
(a )
-  OH
->■ e t c .
  (16)
e t c .
  (1 7 )
18B re s lo w  e t  a l ,  r e p o r t  a  s econd  o r d e r  r a t e  c o n s t a n t
o f  2 . 4 x104M” 1s ~1 f o r  t h e  N i ( l l ) - . p r o m o t e d  b a s e  h y d r o l y s i s
o f  2 - c y a n o - 1 s 1 0 - p h e n a n t h r o l i n e  a t  2 9 8 . 2°K. T h i s  r e p r e s e n t s
7a  r a t e  enhancem ent  o f  10 o v e r  t h e  b a se  h y d r o l y s i s  o f  t h e  
f r e e  l i g a n d .  The v a l u e s  o f  r e p o r t e d  i n  t h i s  t h e s i s  f o r  
■the C o ( I I )  ( k 2= 3 .6 7 x 1 0 4M"1s ~ 1 ) ,  and C u ( I I )  , ( k 2= 7 .7 0 x 1 0 5M_1 s _ 1 )
-p ro m o te d  b a s e  h y d r o l y s i s  o f  2- c y a n o - 1 , 1 0 - p h e n a n t h r o l i n e
o 7a l s o  a t  2 9 8 ,2  K r e p r e s e n t  r a t e  enhancem en ts  o f  1 .4x10  and
Q
3x10 r e s p e c t i v e l y .  I n  t h e  c a s e  o f  t h e  C o ( I I )  s t u d y ,
a c t i v a t i o n  p a r a m e t e r s  A ^ =59 .3kJm ol  and
A S ^ o s  2 = 42JK“ 1m ol’' >l were  o b t a i n e d .  The c o r r e s p o n d i n g
v a l u e s  f o r  b a se  h y d r o l y s i s  o f  t h e  l i g a n d  a r e  
A H ^ q •5kJm ol” 1 f and A s * ^  2=” 8 3 .6 JK*-1 mol * T^e
o b s e r v e d  r a t e  enhancem ent  p ro d u c e d  by C o ( l l )  i s  t h e r e f o r e  
e n t i r e l y  a c c o u n te d  f o r  by a  v a s t l y  i n c r e a s e d  e n t r o p y  o f  
a c t i v a t i o n  w i th  l i t t l e  change  b e i n g  o b s e r v e d  i n  Ah . The 
l a r g e  e n t r o p i c  i n c r e a s e  p r o b a b l y  r e s u l t s  f rom charge n e u t r a ­
l i s a t i o n  i n  t h e  a d d i t i o n  com plex ,  and t h e  r e s u l t a n t  d e s o l ­
v a t i o n  o f  h y d r o x i d e  i o n .  I t  a l s o  seems p r o b a b l e  t h a t  t h e  
t r a n s i t i o n  s t a t e  i n v o l v e s  b o n d in g  o f  t h e  d e v e l o p i n g  imino 
a n i o n ,  ( V I I I ) ,  t o  t h e  m e ta l  i o n  w i t h  c o n c o m i t a n t  d i s p l a c e m e n t  
o f  a  w a t e r  l i g a n d  a t  t h e  a d j a c e n t  s i t e .  The N i ( I I ) - p r o m o t e d  
h y d r o l y s i s  o f  2 - c y a n o - 1 , 1 0 - p h e n a n t h r o l i n e  i s  a l s o  due to  a
l a r g e  p o s i t i v e  AS* v a l u e . .  I n  t h e  C o ( I I )  and N i ( I I ) - p r o m o t e d
5h y d r o l y s i s  o f  2 - c y a n o - 8 - h y d r o x y q u i n o l i n e  t h e  10 -  f o l d  r a t e  
en h an cem en ts  were a l s o  foun d  to  be  due t o  v a s t l y  i n c r e a s e d
*  * 15
AS v a l u e s ,  w i th  l i t t l e  change  b e i n g  o b s e r v e d  i n  AH .
(VIII)
• D i r e c t  c o o r d i n a t i o n  o f  n i t r i l e  to  t h e  m e t a l  i o n
? j
e . g .  C Co(NH^)t-N-C-C^H,-] c a u s e s  r a t e  a c c e l e r a t i o n s  .due to
A *** — 1a c o m b i n a t i o n  o f  a  l o w e r i n g  i n  AH ( 14kJmol i n  t h e  above
e x a m p le ) ,  and an  i n c r e a s e  i n  A S  (50JK mol ) .
We h av e  n o t  o b t a i n e d  a c t i v a t i o n  p a r a m e t e r s  f o r  t h e  C u ( l l ) -
p rom oted  r e a c t i o n s  due to  p ro b le m s  w i t h  p r e c i p i t a t i o n  a t
h i g h e r  t e m p e r a t u r e s .  At 2 9 8 . 2°K how ever ,  i t  i s  more e f f i c i e n t
(by  a  f a c t o r  o f  20) t h a n  e i t h e r  C o ( l l ) ,  o r  N i ( l l )  i n  p r o m o t in g
b a s e  h y d r o l y s i s .  T h i s  i s  c o n s i s t e n t  w i t h  p r e v i o u s l y  r e p o r t e d
35t r e n d s  f o r  such  r e a c t i o n s .  A n g e l i c i  e t  a l .  have  s y n t h e s i s e d
a number o f  N , N - d i a e e t i c  a c i d  d e r i v a t i v e s  o f  amino a c i d  e s t e r s ,
NH9-(CHR) -COR*, (n=1 ,  R= -H, R*= -C0Hc o r  -0  Hn ; n = 1 , R=~CH^, 
c  n 2 3 4 5 2
R ,== -C 2H5 ; n = 1 , R= -CH(CH5 ) 2 , R*= - C ^ ;  n = 2 ,  R= -H, R»= 
n = 3 ,  R= -H ,  R f= ~C2H^) and h a v e  found  t h a t  b a s e  h y d r o l y s i s  
o f  m e t a l  com plexes  ( r e a c t i o n  ( 1 8 ) )  f o l l o w  t h e  o r d e r  
C u ( l l ) » C o ( I I )  >  N i ( l l )  w i t h  C u ( l l )  com plexes  b e i n g  g e n e r a l l y  
20 f o l d  more s u s c e p t i b l e  to  b a s e  h y d r o l y s i s  t h a n  t h e i r  C o ( I I )  
a n a l o g u e s .
? f-
,C— 0 : - 4  -? (
"H./
R -C H
cooaHc
firt
+H.0
Oy f >
c—Oc—I—
c h , /
\  ,N
V I-J
OH.
CH?-
\ /  0
-'a
0
R— C H ^I
+ CHjOH + H*
... (18)
-  183 -
5. References.
1. M .L .B en d er ,  " R e a c t i o n s  o f  C o o r d i n a t e d  L i g a n d s " , Advances  
i n  C h e m is t r y  s e r i e s  No. 3 7 , Am.Chem.Soc. , W ash ing to n  DC,
C h .2 ,1 9 6 3 .
2 .  B . L . V a l l e , "The Enzymes",  2nd E d . , P .D .B o y e r ,H .L a r d y  and 
K .M y r b a c k ,E d . , Academic P r e s s  I n c . ,N e w  Y o r k ,C h . 5 ,1 9 6 0 .
3 .  M .L .B ender  and B .W .T u r n q u e s t , J .A m .Chem .Soc . , 7 9 , 1 8 8 9 , 1 9 5 7 .
4 .  D.Chipman,PhD t h e s i s , Columbia  U n i v e r s i t y ,1 9 6 5 .
5 .  M .D .A lex an d er  and D .H .B u sc h ,J .A m .C h e m .S o c . , 8 8 , 1 1 3 0 , 1 9 6 6 .
6 .  H .L .C o n le y  and R . B . M a r t i n , J . P h y s . C h e m . ,6 9 ,2 9 1 4 ,1 9 6 5 *
7 .  D .A .B u c k in g h a m ,C .E .D a v ie s ,D .M .P o s t e r  and A .M .S a rg e s o n ,  
J .A m e r .C h e m .S o c . , 9 2 , 5 5 7 1 , 1 9 7 0 .
8 .  D .A .B uck ingham ,P .R .K eene  and A . M . S a r g e s o n , i b i d , 9 6 ,4 9 8 1 ,1 9 7 4 .
9 .  I . J . G r a n t  and R.W.Hay, A u s t . J . C h e m . ,1 9 , 1 1 8 9 , 1 9 6 5 .
10.  D .A .B u c k in g h a m ,J .P .C o l lm a n ,D .A .R .H a p p e r  and L . G . M a r z i l l i ,  
J .A m e r .C h e m .S o c . , 8 9 ,1 0 5 2 ,1 9 6 7 .
11. D . P i n e l l , G . B . W r i g h t  and R . B . J o r d a n ,  i b i d , , 9A ,6104 ,
1972 .
12.  S .C .C han  and P . K . C h a n , A u s t . J . C h e m . , 2 3 , 1 1 7 5 , 1 9 7 0 .
13.  D .A .Buckingham ,B .M .Poxm an,A .M .Sargeson  and A . Z a n n e l l a ,
J .A m .C h e m .S o c . , 9 4 , 1 0 0 7 , 1 9 7 2 .
14. K .B .N o la n  and R .W .H a y , J .C h e m .S o c . , D a l t o n ,  914 ,1 9 7 4 .
15.  C . R . C l a r k  and R.W.Hay, i b i d . , 2 1 4 8 , 1 9 7 4 .
16.  B . S . R a b i n o v i t c h  and C . A . W i n k l e r , C a n . J . R e s . , S e c t . 2 0 B ,  
1 85 ,1 9 2 4 .
17. K .B .W ib e r g , J  .Am.Chem.Soc. , 7 7 ,2 5 1  9 ,1 9 5 5 .
18 .  R . B r e s l o w , R . F a i r w e a t h e r  and J  .K eana ,  i b i d ,  , 8 9 , 2135,
1967.
19. D .A .B uck ingham ,P .R .K eene  and A . M . S a r g e s o n , i b i d , , 9 5 , 56 A9 ,
1973.
20 .  C . D . R i t c h i e  and W . P . S a g e r , P r o g . P h y s . O r g . C h e m . , 2 , 3 2 3 , 1 9 6 4 .
21 . D .A .B u c k in g h a m ,P .M o r r i s ,A .M .S a r g e s o n  and M .Z a n e l l a ,
I n o r g . C h e m . , 1 6 ,1 9 1 0 ,1 9 7 7 .
2 2 .  L . G . S i l l e n  and A . E . M a r t e l l , ”S t a b i l i t y  C o n s t a n t s  o f  M e ta l  
I o n  Com plexes’1, Chem.Soc . S p e c i a l  P u b l . ,N o . 1 7 , 1 9 6 4 .
23 .  H.A.Goodwin and F . E . S m i t h , A u s t . J . C h e m . , 2 5 , 3 7 , 1  972.
24 .  H.A.Goodwin and P . E . S m i t h , i b i d . , 2 3 ,1 5 4 5 ,1 9 7 0 .
25 .  H.A.Goodwin and P . E . S m i t h ,E . K o i n g  and G . R i t t e r ,  
i b i d . , 26 ,521 ,1 9 7 3 .
26 .  H.A.Goodwin and D.W .Mather ,  i b i d . , 27,21 21 ,1 9 7 4 .
27.  E . J . C o r e y , A . L . B o r r o r  and T . F o g l i a , J ^ O r g . C h e m . , 3 0 , 2 8 8 , 1 9 6 5 .
28 .  R . M . S i l v e r s t e i n  and G . C . B a s s l e r , " S p e c t r o m e t r i c  I d e n t i f i ­
c a t i o n  o f  O r g a n ic  Compounds” , E d . , W i l e y , New York Ch. 3 , 1 9 6 8
29 .  A . I . V o g e l , ”A T ex t -B ook  o f  Q u a n t i t a t i v e  I n o r g a n i c  A n a l y s i s ” 
3 r d . Ed .  , Longman , London, 1961.
30 .  H . A . P l a s c h k a , ”E d t a  T i t r a t i o n " ,  2 n d .E d . ,P e rg a m o n  P r e s s  
I n c . , L o n d o n ,C h .1 4 ,1 9 6 4 .
31 .  D . D . P e r r i n  and B .Dempsey, " B u f f e r s  f o r  pH and M e ta l  I o n  
C o n t r o l ” , Chapman and H a l l , L o n d o n , 1974.
3 2. G .Guggenheim,Phill.Mag.,2,538,1926.
- 185 -
3 3 .  A . A l b e r t  and E . P . S a r j e a n t , ”The D e t e r m i n a t i o n  o f  I o n i z a t i o n  
C o n s t a n t s ” , 2n d . E d . , Chapman and H a l l , L o n d o n ,1971.
34 .  R .A .R o b in s o n ,  and R . H . S t o k e s , “E l e c t r o l y t e  S o l u t i o n s ” , 
B u t t e r w o r t h s  S c i e n t i f i c  P u b l i c a t i o n s , L o n d o n , p . 4 9 1 ,1 9 5 4 .
3 5 .  B .E .L e a c h  and R . J . A n g e l i c i , J . A m . C h e m . S o c . , 9 0 , 2 5 0 4 , 1 9 6 8 .
PAPERS
-  187 -
1.  N e i g h b o u r i n g  C a r b o x y l a t e  Group E f f e c t s  i n  R e a c t i o n s  
o f  M e ta l  Complexes -  C h l o r i d e  I o n  D i s p l a c e m e n t  f rom  
D i c h l o r o - 1 , 2 - d i a m i n o e t h a n e - N - a c e t i c a c i d p l a t i n u m ( l l )  
and i t s  C o n ju g a t e  Base  i n  Aqueous S o l u t i o n . ,
K .B .N o la n  and A .A .S o u d i ,  J .C h e m .R e s e a r c h ( S ) , 1 1 8 , 1 9 7 8 . ,  
J .C h e m .R e s e a r c h ( M ) ,1 7 8 1 - 1 7 9 0 ,1 9 7 8 .
2 .  Am inoac id  Complexes o f  C o b a l t ( l I I )  -  P r e p a r a t i o n  and 
H y d r o l y s i s  R e a c t i o n s  o f  T r a n s - b i s ( 1 , 2 - d i a m i n o e t h a n e ) •
( a m i n o c a r b o x y l a t o ) h a l o g e n o c o b a l t ( I I I )  Complexes 
c o n t a i n i n g  t h e  C a r b o x y la to - b o n d e d  A m inoac ids  G l y c i n e ,  
d l - A l a n i n e  and d l - A m in o b u t y r i c  A c i d . ,
K .B .N o la n  and A .A .S o u d i ,  J .C h e m .S o c . D a l t o n  , i n  p r e s s .
3 .  L a b i l i s i n g  E f f e c t s  o f  A c e t a t e - s u b s t i t u t e d  N o n - p a r t i ­
c i p a t i n g  L ig a n d s  i n  t h e  A q u a t io n  o f  C o b a l t ( I I I )  
Complexes -  S y n t h e s i s ,  C h a r a c t e r i s a t i o n  and K i n e t i c s  
o f  S p o n ta n e o u s ,  Base and H g ( l l ) - a s s i s t e d  H y d r o l y s i s  
o f  t h e  Complexes t r a n s -  [ Co(en)2Cl(R-CH2*-C02~) ] C10^ 
( e n = 1 , 2 - d i a m i n o e t h a n e ; R=-H, - C l ,  - B r ,  - I ,  -CN, 
- nh2/ - hh3+ ) . ,
K .B .N o la n  and A .A .S o u d i ,  J . C h e m . R e s e a r c h , i n  p r e s s .
-  188 -
4 .  L in k a g e / G e o m e t r i c  I so m e r i s m  i n  Aminoacid  Complexes -  
P r e p a r a t i o n  and C h a r a c t e r i s a t i o n  o f  I s o m e r i c  P a i r s  o f  
C h l o r o ( a m i n o - a c i d ) b i s ( 1 , 2 - d i a m i n o e t h a n e ) c o b a l t ( I I I )  
Complexes c o n t a i n i n g  t h e  t r a n s - C a r b o x y l a t o  and c i s -  
Amino-bonded A m in o a c id s ,  G l y c i n e ,  (3 -A lan in e ,  y-Amino- 
b u t y r i c  A c id  and e -A m in o hex an o ic  A c i d . ,
K .B .N o la n  and A .A .S o u d i ,  J .C h e m .R e s e a r c h ,  i n  p r e s s .
iMciyuuuurmtj u a r o o x y ia t e  U rou p  E ffec ts  in R ea c tio n s  o f  Metal 
C o m p le x e s ;  C hloride Ion D isp la c e m e n t  from  [2 -(2 -A m in o e th y l-  
a m in o ) a c e t ic  acid-/WV'] d ich lo ro p la t in u m (l  l) and its C onju gate  Base  
in A q u e o u s  S o lu t io n
J. Chem. Research {SJ„ 
1978,118  
J. Chem. Research (Mj.  
1978,1781-1790
KEVIN B. NOLAN* and ALI AKBAR SOUDI
Joseph Kenyon Laboratory, Departm ent o f  Chemistry, University o f  Surrey, G uildford  
G U 2 5 X H
The kinetics o f  Cl" displacement from the title 
complex and its conjugate base in aqueous solution 
have been investigated spectrophotometrically mainly 
in the pH range 1 —7 and at temperatures in the range 
298.2—349.2 K. The product o f  this reaction has 
been isolated and shown to be [2-(2-aminoethyl- 
amino)acetato-AW'6>]chloroplatinum(ll), 
[PtCl(edma)]. In all cases reactions follow first-order 
kinetics and the kinetic data are consistent with the 
reactions shown in the Scheme.
H.,X /NHCH9C0oH . Z Z k.
C l >*C1 ___ L
(ptClgdledmaiJ
*H+ | *
r \
H2 N\  ^NHCHpCO"
c i  x c i  — £.
[P tC l9 (e d m a )j-
.+ HC1
r ” v
h2n\  x'Nn—ch2 (1)
;p tci' ‘O —  c
[P tC l(e d m a )]
+ Cl
H2N\  .NH-CH2 (2)
Cl 0—c
[P tc i(e d m a )]
Scheme
For this reaction pathway it can be shown that
*obs = fc i/0  +A7[H+])+ fc2/ 0  + [H+]/A0
and that values o f  £ 0bS approach those o f  k x and k 2 
at low  and high pH, respectively. The Aobs versus pH 
profiles at 333.1 K (curve A) and 323.2 K (curve B) 
in Figure 2 show that these predictions are realized 
'experimentally.
Values o f  kohs at various pH values and tem ­
peratures are presented in Table 1 in the full text 
version. The temperature dependence o f k x and k 2 is 
summarised in Table 2. From the plots o f In k t and 
In k 2 versus 1/T  the following activation parameters 
were obtained at 313 K: for reaction (1), A/ /$  = 
69.6 kJ m ol- 1 , A = —86 J K -1 m ol”1 ; for reaction 
(2), AH*  = 77.5 kJ m ol”1, AS* = —57 J K ”1 m ol”1. 
The enhanced reactivity o f  [PtCl2(edma)]” over its 
conjugate acid may therefore be attributed to an 
entropic advantage which, in the temperature range 
studied, overrides the enthalpy difference which 
favours reaction (1).
The thermodynamic ionization constant, pA"T, o f  
[PtCl2 (H edm a)], determined by potentiometric titra­
tion, is 2.97 ± 0.03 at 298 K. The preparation o f the 
title complex and the isolation o f the reaction
product, as well as salient spectral (i.r. and u.v.) 
features o f these compounds, are described in the full 
text version.
Table 2 First-order rate constants for 
Cl “ displacement from [PtCI2 (Hedma) 1 
( k t ) and [PtCI2 (edm a)]' i k2 )
77K k t /s' k 2h '
298.2 1.8 x 10"‘
313.2 4 .6  x 10 ‘4 9 .0  x 1 0 -
323.2 8.9 x 1 0 " 4 2.3 x 10*
333.1 2.5 x 10'3 5.2  x 10~:
342.1 4.9 x 1 0 -3 1.2 x 10":
349.2 8.2 x 1 0 -3
2.4
6 .0
- 2.2
- 2.0
5.0
4.0
3.0
- 0.6
-0.4
0 1 2 3 . 4  5 6 7
Figure 2 4"0 bs versus pH profiles for Cl “
displacement from the system [PtCI2 (Hedma)} ^ 
[PtCI2 (edma)F + H+, A, at 333.1 K; B, at 323.2
Techniques used: Spectrophotometric (u.v.) kinetic 
measurements; i.r.
References: 8
Figure 1: U.v. spectra o f  [PtCl2(Hedma)] solutions 
(6 x 10 ”3 mol dm ”3) at pH 6 and 323 .2  K, scanned 
repetitively at 4 min intervals
Table 1: Kinetic data for Cl” displacement from the 
system [PtCl2(Hedma)] [PtCl2(edm a)]“ + H+
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